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ECG MACHINES?/6v 10AH BATTS/24V 8A TX Ex 


government ECG machines! Measures 390X320X120mm, on the 
front are controls for scan speed, scan delay, scan mode, loads of 
connections on the rear including video out etc. On the front panel are 
two DIN sockets for connecting the body sensors to. Sensors not 
included, Inside 2 x 6v 10AH sealed lead acid batts (generally not in 
good condition), pcb's and a 8A? 24v torroidial transformer (mains in). 
sold as seen, may have one or two broken knobs etc due to poor 


storage. £15.99 ref VP2 


HYDROPONICS DO YOU GROW YOUR OWN? 


We havea full colour hydroponics catalogue available containing 
nutrients, pumps, fittings, enviromental control, light fittings, 
plants, test equipment etc Ring for your free copy. 


PC COMBINED UPS AND PSU tre unit has a total 


power of 292 watts, standard mother board connectors and 12 peripheral 
power leads for drives etc. Inside is 3 12v 7.2aH sealed lead acid 
batteries. Backup time is 8 mins at full load or 30 mins at half load. Made 
inthe UK by Magnum, 110 or 240vac input, +5v at 35A, -5vat 5A, +12v 
at 9A, -12v at .5A outputs. 170x260x220mm, new and boxed. £29.95 
Ref PCUPS2 

WINDOWS 95 CDas supplied with Hewlet Packard PC’s these 
CD's have all the window files on them and were intended to be used to 
restore windows on a PC after a crash etc.£15 REF SX06 


ALTERNATIVE ENERGY CD, PACKED WITH 
HUNDREDS OF ALTERNATIVE ENERGY 
RELATED ARTICLES,PLANS AND 


INFORMATION ETC £14.50 REF CD56 


aerial photography kit this rocket comes with a built in 
camera! it flies up to 500 feet (150 m) turns over, and takes an aerial 
photograph of the ground below. The rocket then returns afely wih its film 
via its built in paracute. Takes standard 110 film. Supptied complete with 
everything including a launch pad and 3 motors (no film) £29.98 ref 
astro 


SATELLITE MODULATOR MODULES prices from 


just 9p Surface mount modulators full of components. Fitted with an F 
type connector and a uhf type connector. Pack of 100 £9.95 ref SS20 


PROJECT BOXES Another bargain for you are these smart 


ABS project boxes, smart two piece screw together case measuring 
approx 6"x5"x2" complete with panel mounted LED. Inside you will find 
loads of free bits, tape heads, motors, chips resistors, transistors etc. 
Pack of 20 £19.95 ref MD2 


REMOTE HEATING CONTROLLERS wrth 30a 


MAINS RELAY from just 99p These units were designed to be plugged 
into a telephone socket. You then called the phone and some how it 
turned the heating on. Each box contains lots of bits including a mains 
30A relay. pack of 20 £20 ref SS34 


PIR CAMERAsBuitt in CcTv camera (composite output) IR 
strobe light,PIR detector and battery backup Designed to ‘squirt 
pictures down the ‘phone line but works well as 2 standalone unit. 
Bargain price £39.95 ref SS81J. These units are brand new modules 
designed to take ‘pictures’ of intruders and then transmit the pictures 
down the telephone line. The PIR detects the intruder, fires the strobe 
light this ensures a perfect picture even in total darkness. The picture 
is stored in memory inside the module and then sent by modem (not 
included) down the telephone line. The units also have a nicad battery 
pack included presumably to maintain operation in the event of mains 
power failure. Output from the camera is standard bAw composite 
320x240 pixels with a 90x65 degree field of view, the picture quality is 
excellent.Each PIR also contains a video capture and compression 
unit. The infra red strobe has a range of 15m. The pir has a range of 
12m.Power requirements are 12v dc 400mA. Power supplies available 
at £5 ref SS80The units are supplied with connection details etc but we 
do not have any information on using the compression and capture unit 
or interfacing to modems etc. The units do have operational PIR’s, 
strobes and camera's (camera is 12vdc and gives out standard 
composite 1v p-p video) how you adapt these to work together is entirely 
up to you!Retail price for the units was in excess of £200 each sale 
price £39.95 ref SS81JPower supplies £5 ref SS80 


TELEPHONES ,ustinthisweekisa huge delivery oftelephones, 
all brand new and boxed. Two piece construction with the following 
features- Illuminated keypad, tone or pulse (switchable), recall, redial 
and pause, high/low and off ringer switch and quality construction. 
finished in a smart off white colour and is supplied with a standard 
international lead (same as US or modems) if you wish to have a BT 
lead supplied to convert the phones these are also available at £1.55 
each ref BTLX Phones £4.99 each ref PH2 10 off £30 ref SS2 


3HP MAINS MOTORS Single phase 240v, brand new, 2 


pole, 340x180mm, 2850 rpm, builtin automatice reset overload pro- 
tector, keyed shaft (40x16mm)Made by Leeson. £99 each ref LEE1 


BUILD YOU OWN WINDFARM FROM SCRAP 


New publication gives step by step guide to building wind generators and 
propeliors. Armed with this publication and a good local scrap yard 
could make you self sufficient in electricity! £12 ref LOT81 


CHIEFTAN TANK DOUBLE LASERS9S WATT+3 
WATT+LASER OPTICS could be adapted for laser listener, 


long range communications etc Double beam units designed to fit in the 
gun barrel ofa tank, each unit has two semi conductor lasers and motor 
drive units for alignement. 7 mile range, no circuit diagrams due to 
MOD, new price £50,000? us? £199. Each unit has two gallum 
Arsenide injection lasers, 1 x 9 watt, 1 x 3 watt, 900nm wavelength, 
28vdc, 600hz pulse frequency. The units also contain an electronic 
receiver to detect reflected signals from targets. £199 Ref LOT4. 


MAGNETIC CREDIT CARD READERS AND 


ENCODING MANUAL £9.95 Cased with flyleads, designed to 
read standard credit cards! complete with control elctronics PCB and 
manual covering everything you could want to know about whats hidden 
in that magnetic strip on your card! just £9.95 ref BAR31 


Hi power 12v xenon strobe variable rate flasher modules 
and tubes £6Useful 12v PCB fitted with contro! electronics and a 
powerful Xenon tube! just apply 12v DC to the input and the tube will 
flash. On the board is a small potentiometer which can be used to vary 
the flash rat! PCB measures just 70x 55mm and could be incorporated 
into many interesting projects! £6 ref FLS1 Pack of 10 is £49 ref FLS2 





Hydrogen fuel 
cells now in stock 


Our new Hydrogen fuel cells are 1v at up tp 1A output, 
Hydrogen input, easily driven from a small electrolosis 
assembly or from a hydrogen source, our demo model 
uses a solar panel with the output leads in a glass of salt 
water to produce the hydrogen! Each cell is designed to be 
completely taken apart, put back together and expanded to 
what ever capacity you like, (up to 10watts and 12v per 
assembly. Cells cost £79 ref HFC11 


We get over 8,000 
hits a day..... 


check us out! 
http://www.bullnet.co.uk 


PHILIPS VP406 LASER DISC PLAYERS, 
SCART OUTPUT, RS232 CONTROLLED 
£24.95 REF VP406 


SMOKE ALARMS sains powered, made by the famous 
Gent company, easy fit next to light fittings , power point. Pack of 5£15 


ref SS23, pack of 12 £24 ref SS24 
4AH D SIZE NICADS pack of 4£10 ref 4AHPK 


ELECTRIC FENCE KIT Everything you need to build a 
12vdc electric fence, complete with 200m of fence wire. £49 ref AR2 
SENDER KIT Contains all components to build a A/V transmitter 
complete with case £35 ref VSXX2 

10 WATT SOLAR PAN EL Amorphous silicon panel fitted 


in a anodized aluminium frame. Panel measures 3’ by 1’ with screw 
terminals for easy connection. .3’x 1° solar panel £55 ref MAG45 
Unframed 4 pack (3°x1') £58.99 ref SOLX 


12V SOLAR POWERED WATER PUMP rertect 


for many 12v DC uses, ranging from solar fountains to hydroponics! 
Small and compact yet powerful. works direct from our 10 watt solar 
panel in bright sun. Max hd:I7 ft Max flow = 8 Lpm,1 5A Ref AC8 
£18.99 


SOLAR ENERGY BANK KIT 50x 6"'x12" 6v solar 
panels(amorphous)+50 diodes £99 ref EF112 


PINHOLE CAMERA MODULE WITH AUDIO! 


Superb board camera with on board sound! extra small just 28mm 
square (including microphone) ideal for covert surveillance. Can be 
hidden inside anything , even a matchbox! Complete with 15 metre 
cable, psu and tv/vcr connnectors. £49.95 ref CC6J 


SOLAR MOTORS Tiny motors which run quite happily on 


voltages from3-12vdc. Works on our 6v amorphous 6” panels and 
you can run them from the sun! 32mm dia 20mm thick. £1.50 each 


WALKIE TALKIES 1 MILE RANGE £37/PAIR REF MAG30 
LIQUID CRYSTAL DISPLAYS Bargain prices, 
20 character 2 line, 83x19mm £3.99 ref SMC2024A 
16 character 4 line, 62x25mm £5.99 ref SMC1640A 
40 character 1 line 154x16mm £6.00 ref SMC4011A 


YOUR HOME COULD BE SELF SUFFICENT 
IN ELECTRICITY Comprehensive plans with loads of info 


on designing systems, panels, control electronics etc £7 ref PV1 


LOW COST CORDLESS MIC 500 range, 90- 105mhz, 
115g, 193 x 26 x 39mm, 9v PP3 battery required. £17 ref MAG15P1 


AUTO SUNCHARGER 155x300mm solar panel with diode 


and 3 metre lead fitted with a cigar plug. 12v 2watt. £12.99 REF 
AUG10P3. 


SOLAR POWER LAB SPECIAL 2x 6"x6" 6v 130ma 


cells, 4 LED's, wire, buzzer, switch + 1 relay or motor. £7.99 REF 
SA27 


SOLAR NICAD CHARGERS 4 «x A&A size £9 99 ref 
6P476, 2 x C size £9.99 ref 6P477 
5.25" FLOPPY DISKS. pack of 500 disks £25 ref FDi 


REGISTER FOR OUR 
ELECTRONIC NEWSLETTERS 
BULL-ELECTRICAL.COM 


BULL ELECTRICAL 

250 PORTLAND ROAD, HOVE, SUSSEX . 
BN3 5QT. (ESTABLISHED 50 YEARS). 

AIL ORDER TERMS: CASH, PO OR CHEQUE 

WITH ORDER PLUS £4.00 P&P PLUS VAT. 


24 HOUR SERVICE £6.50 PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 
(ACCESS, VISA, SWITCH, AMERICAN EXPRESS) 


phone orders : 01273 203500 
FAX 01273 323077 
Sales@bull-electrical.com 


























30 WATTS OF SOLAR POWER forjust£69, 4 
panels each one 3'x1' and producing 8w, 13v. 
PACK OF FOUR £69 ref SOLX 


200 WATT INVERTERS plugs straight into your car 


cigarette lighter socket and is fitted with a 13A socket so you can run 
your mains operated devices from your car battery. £49.95 ref SS66 


THE TRUTH MACHINE Tells if someone is lying by micro 


tremors in their voice, battery operated, works in general conversation 
and on the 'phone and TV as well! £42 49 ref TD3 


INFRA RED FILM ec’ square piece of flexible infra red film that 
willonly allow IR light through. Perfect for converting ordinary torches, 
lights, headlights etc to infra red output only using standard light bulbs 
Easily cut to shape. 6” square £15 ref IRF2, 


33 KILO LIFT MAGNE Tneodynium,32mm diameter with 
a fixing bott on the back for easy mounting. Each magnet will lift 33 kilos, 
4 magnets bolted to a plate will lift an incredible 132 kilos! £15 ref 
MAG33 


HYDROGEN FUEL CELL PLANS Loads ofinformation 
onhydrogen storage and production. Practical plans to build a Hydrogen 
fuel cell (good workshop facilities required) £8 set ref FCP1 


STIRLING ENGINE PLANS Interesting information pack 


covering all aspects of Stirling engines, pictures of home made 
engines made from an aerosol! can running on a candle! £12 ref STIR2 


ENERGY SAVER PLUGS saves up to 15% electricity 
when used with fridges, motors up to 2A, light bulbs, soldering irons etc. 
£9 ea ref LOT71, 10 pack £69 ref LOT72. 


12V OPERATED SMOKE BOMBS (ype 3 is a 12v 


trigger and 3 smoke cannisters, each cannister will fill a room in avery 
short space of time! £14.99 ref SB3. Type 2 is 20 smaller cannisters 
(suitable for simulated equipment fires etc) and 1 tngger module for 
£29 ref SB2 Type 1 is a 12v trigger and 20 large cannisters £49 ref 
SB1 


Hi POWER ZENON VARIABLE STROBES set! 


12v PCB fitted with hi power strobe tube and control electronics and 
speed control potentiometer. Perfect for interesting projects etc 
70x55mm 12vdc operation. £6 ea ref FLS1,. pack of 10 £49 ref FLS2 


NEW LASER POINTERS 4.5mw, 75 metre range, hand 
heid unit runs on two AA batteries (supplied) 670nm. £29 ref DEC49J 


HOWTO PRODUCE 35 BOTTLES OF WHISKY 


FROM A SACK OF POTATOES Comprehensive 270 
page book covers all aspects of spirit production from everyday 
materials. Includes construction details of simple stills. £12 ref MS3 


NEW HIGH POWER MINI BUG witha range of up to 


800 metres and a 3 days use from a PP3 this is our top selling bug! 
less than 1“ square and a 10m voice pickup range. £28 Ref LOT102. 
IR LAMP KIT suitable for cctv cameras, enables the camera 
to be used in total darkness! £6 ref EF 138 


INFRA RED POWERBEAM randheia battery powered 
lamp, 4inch reflector, gives out powerful pure infrared light! perfect for 
CCTV use, nightsights etc. £29 ref PB1. 


SUPER WIDEBAND RADAR DETECTOR cetects 


both radarand laser , XK and KA bands, speed cameras, and all known 
speed detection systems. 360 degree coverage, front&r 
earwaveguides, 1.1"x2.7"x4.6" fits on visor or dash £149 


LOPTX made by Samsung for colour TV £3 each ref SS52 
LAPTOP LCD SCREENS 240x175mm, £12 ref $S51 
WANT TO MAKE SOME MONEY? STUCK 


FOR AN IDEA? We have collated 140 business manuals that 
give you information on setting up different businesses, you peruse 
these at your leisure using the text editor an your PC. Also included is 
the certificate enabling you to reproduce (and sell) the manuals as 
much as you like! £14 ref EP74 


HIGH POWER DC MOTORS, PERMANENT 


MAGNET 12 - 24v operation, probably about 1/4 horse power, 
body measures 100m x 75mm with a 60mm x 5mm output shaft with a 
machined flat on it. Fixing is simple using the two threaded bolts pro- 
truding from the front. £22 ref MOT4 

INFRA RED REMOTE CONTROLS made for Tvs 


but may have other uses pack of 100 £39 ref IREM 
po es Online 


eb catalogue 


: fae bull-electrical.com 
ELECTRONIC SPEED CONTROLLER KIT For 


the above motor is £19 ref MAG17. Save £5 if you buy them both 
together, 1 motor pilus speed controller rrp is £41, offer price £36 ref 
MOTS5A 


SONY STEREO TV CHASSIS assemblies comprising 


complete TV PCB excluding tube and scan coils. Nicam stereo, mains 
input. Appear to be unused but sold ‘as seen’ Would probably be good 
for spares or as a nicam stereo TV sound receiver and amplifier. 
For KV29F1U and KV25F1U(BE3D) PCB no’s 1-659-827-12 
1-659-826-14 1-711-800-11 £20 ref STV1 


RCB UNITS Inline IEC lead with fitted RC 
breaker. Installed in seconds. 

Pack of 3 £9.98 ref LOT5A 

RADIO CONTROLLED CARS etc No remotes but 


good strippers for servo's motors and receivers. Sold as is, no returns, 
mixed types. £3 each ref RCC2 


VOICE CHANGERS bold one of these units over your 


phone mouth piece an you can adjust your voice using the controls on 
the unit! Battery operated £15 ref CC3 
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Projects and Circuits 


ULTRASONIC PUNCTURE FINDER by Bill Mooney 556 
Find that elusive puncture speedily and without water! 

MAGNETIC FIELD DETECTIVE by Andy Flind 566 
A neat and sensitive instrument for detecting low-level magnetic fields 

FREEZER ALARM by Robert Penfold 580 


Another low-cost Starter Project - How to avoid an expensive thaw! 


8-CHANNEL ANALOGUE DATA LOGGER -1 by John Becker 585 
The new PIC16F877 microcontroller offers versatile logging opportunities 


INGENUITY UNLIMITED hosted by Alan Winstanley 592 
Loop Aerial MW Radio; Mayday Module; NiCad Discharge Unit 
SOUND ACTIVATED SWITCH by Bart Trepak 608 


Just one logic gate allows a simple mic to control — well, almost anything 


Series and ‘Features 


NEW TECHNOLOGY UPDATE by lan Poole 560 
Field emission displays are challenging c.r.t.s 


POWER GENERATION FROM PIPELINES TO PYLONS - 1 


by Alan Winstanley 570 
An on-site guided tour of how electrical power is generated and delivered 
INTERFACE by Robert Penfold 590 


Visual programming for PC add-ons 
PRACTICAL OSCILLATOR DESIGNS - 2. Colpitts and its variants 


by Raymond Haigh 598 
Worked examples and circuit info for hands-on constructors 

CIRCUIT SURGERY by Alan Winstanley and lan Bell 612 
Electric Enlightenment; Mysterious Multivibrator; Transistors in a PlCkle 

NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 619 


Explorer 5 Comes of Age; Hidden Worms; Trojan Trounced; Links 


Regulars and Services 


EDITORIAL 555 
NEWS - Barry Fox highlights technology's leading edge 563 
Plus everyday news from the world of electronics 

SHOPTALK with David Barrington 575 
The essential guide to component buying for EPE projects 

READOUT John Becker addresses general points arising 577 
BACK ISSUES Did you miss these? 594 
CD-ROMS FOR ELECTRONICS 596 


Parts Gallery + Electronic Circuits and Components; Digital Electronics; 
Analogue Electronics; p/us PlCtutor, plus Modular Circuit Design 


ELECTRONICS VIDEOS Our range of educational videos 607 
DIRECT BOOK SERVICE | 616 
A wide range of technical books available by mail order 

PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 620 
PCBs for EPE projects — some at “knockdown” prices! Plus EPE software 
ADVERTISERS INDEX 624 


Readers Services e Editorial and Advertisement Departments 555 


. 545 
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Converts your colour monitor into a QUALITY COLOUR TV!! 





allow reception of 8 fu 
‘off air UHF colour television channels. LEBOX MB covers vi all telev- 
temas Tenparukon: VHF and babel Pheer et the HYPERBAND as used b 
systems & Pl 


for desktop computer video 

(paren pts) aps A pelea ide io even for monitors without 

sound - an integral 4 palrti pi  al acal 
provided as standard. Brand new - fully guaranteed 
TELEBOX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with shea ee speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
*For cable / hyperband signal reception Telebox MB should be con- 
nected to a cable type service. Shipping on all Telebox's, code (B) 


State of the art PAL (UK spec) UHF TV tuner module 

with composite 1V pe video & NICAM hi fi stereo sound 

Outputs. Micro electronics all on one small PCB only 73 x 160 

x 52 mm enable full tuning control via a simple 3 wire link to an 

IBM pc type computer. Supplied complete with simple working pro- 

gram and documentation. Requires +12V & + 5V DC to operate. 

BRAND NEW - Order as MYO00. Only £49.95 code (B) 
See www.distel.co.uk/data_my00.htm for picture + full details 


All units (unless stated) are BRAND NEW or removed from often 
brand new equipment and are fully tested, aligned and shipped to 
you with a full 90 day guarantee. Call or see our web site 
www. distel.co.uk for over 2000 unlisted drives for spares or repair. 


3%" Mitsubishi MF355C-L. 1.4 Meg. Laptops only £25.95(B 
3%" Mitsubishi MF355C-D. 1.4 Meg. Non laptop £18.95(B 
5%" Teac FD-55GFR 1.2 Meg (for IBM pc's) RFE £18.95(B 
5%" Teac FD-55F-03-U 720K 40/80 (for BBC's etc) RFE £29.95(B 
5%" BRAND NEW Mitsubishi MF501B 360K £22.95(B 
Table top case with inte rac PSU for HH 5%" Floppy/HD £29.95(B 
8” Shugart 800/801 8" SS refurbished & tested £210.00(E 
8” Shugart 810 8° SS HH Brand New £195.00(E 
8” Shugart 851 8" double sided refurbished & tested £260.00(E 
8" Mitsubishi M2894-63 double sided NEW 95.00(E 
8" Mitsubishi M2896-63-02U DS slimline NEW £295.00(E 
Dual 8" cased drives with integral power supply 2 Mb £499.00(E 
2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm Hh New £79.95 
2%" TOSHIBA MK2101MAN 2.16 Gb laptop (19 mm H) New £89.50 


2%" TOSHIBA MK4309MAT 4.3Gb laptop (8.2 mm H) New£105.00 
2%" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New£190.00 
2%" to 3%" conversion kit for Pc's, complete with connectors £14.95 


3%" FUJI FK-309-26 20mb MFM I/F RFE £59.95 
3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
3%" QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE £49.00 
5%" MINISCRIBE 3425 20mb MFM I/F (or equiv.) RFE £49.95 
5%" SEAGATE ST-238R 30 mb RLL I/F Refurb £69.95 
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5%" HP 97548 850 Mb SCSI RFE tested £99.00 
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8" NEC D2246 85 Mb SMD interface. New £199.00 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD I/F RFE tested £345.00 


Many other drives in stock - Shipping on all drives is code (C1) 


MITS. # FA3445ETKL 14” Industrial spec SVGA monitors £245 
FARNELL 0-60V DC @ 50 Am dy bench Power Supplies £995 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850 
1kW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA 
a 8230 Type 1, Token ring raped unit driver £760 
ne Kerr RA200 Audio frequency response analyser £2500 

IBM SSFsS01 Token Ring ICS 20 port lobe modules £750 
IBM MAU Token ring distribution panel 8228-23-5050N £95 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE £550 
ALLGON 8360.1 1805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA 


Marconi 6310 Programmable 2 to 22 GHz sweep generator £6500 
Marconi 2022C 10KHz-1GHz RF s gna! generator £1550 
Marconi 2030 opt 03 10KHz-1.3 GHz signal generator,New £4995 
HP1650B Logic Analyser £3750 


HP3781A Pattern generator & HP3782A Error Detector £POA 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £675 
HP54121A DC to 22 GHz four channel test set £POA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP Ai, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 sh high speed plotter £750 
EG+G Brookdeal 95035 Praciaicn lock in amp £1800 
“ta Eng. Mod 1200 computerised inspection system £POA 

C-3000A High quality CCD colour TV camera £995 
Keit! Kettle 590 CV capacitor / voltage analyser £POA 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS - New batteries £9500 
Emerson AP130 2. tie industrial spec. UPS £2100 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 
Siemens K4400 64Kb to 140Mb demux analyser 2950 


THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 


OBSOLETE - SHORT SUPPLY - BULK 


10,000,000 items EX STOCK 


For MAJOR savinacs 
CALL OR SEE OUR WEB SITE www.distel.co.uk 


One of the highest specification 
monitors you will ever see - 
At this price - Don’t miss itt! 





; ‘spectfication. Fully guaranteed, in EXCELLENT little 
Tit & Swivel Base £A Only £119 Order a8 

75 n 
VGA cable for IBM PC y (©) MITS-SVGA 
Extemal cables for other types of computers CALL 










As New - Ex Film Set 
17" 0.28 SVGA Mitsubishi Diamond Pro monitors 
Full multisync etc. Full 90 day guarantee. £275.00 (E) 


Just In - Microvitec 20" VGA (800 x 600 res.) colour monitors. 
Good SH condition - from £299 - CALL for Info 


PHILIPS HCS35 (same ~ as CM8833) attractively styled 14” 
colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power pil and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection 
to most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good 


used condition - fully tested - guaranteed 
Dimensions: Wi4" xHi2%' xi5%"D, Only £99.00 () 


PHILIPS HCS31 Ultra compact 9” colour video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attrac- 
tive square black plastic case measuring W10" x H10" x 13%" D. 


240 V AC mains powered. Only £79.00 (0) 


KME 10" 15M10009 high definition colour monitors with 0.28" dot 
pitch. Superb clarity and modern styling. ne 

Operates from a ny 15.625 khz sync RGB video %%: ; 
source, with RGB analog and composite sync ¥ 
such as Atari, Commodore Amiga, Acorng 
Archimedes & BBC. Measures only 1 Yo" x 12° x 
11". Good used condition. Only £125 (cE) 


20" 22" and 26" AV SPECIALS 


Superbly made UK manufacture. PIL all solid state colour monitors, 
complete with composite video & optional sound input. Attractive 
teak style case. Perfect for Schools, Shops, Disco, Clubs, etc.In 
EXCELLENT little used condition with full 90 day guarantee. 


20"...£135  22"....£155 26"....£185 (F) 


We probably have the largest range of video monitors !7 
Europe, All sizes and types from 4" to 42" call for infu 








oon every t ped of p 
ply you can agine. 

10, 000 Power Suppile s Ex 
Call or see our web sit 


HP6030A 0-200V DC @ 17 Amps bench su BY 
MSA) New 


Intel SBC 486/125C08 Enhanced Multibus £1150 
Zeta 3220-05 AO 4 pen HPGL fast drum plotters £1150 
Nikon HFX-11 ( 7 gh exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 
MARCONI 2924 Universi TV signal analyser £1250 


Motorola VME Bus Boards & Components List. SAE / CALL £POA 


Trio 0-18 vdc linear, metered 30 amp bench PSU. New £550 
Fujitsu M3041R 600 LPM band printer £1950 
Fujitsu M3041D 600 LPM printer with network interface £1250 
Perkin Elmer 299B Infrared spectrophotometer £500 
Perkin Elmer 597 Infrared s en £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 


-¥ htBand 60 output high spec 2u rack mount Video VDA's £495 


onic SD 150H 18 channel digital Hybrid chart recorder £1995 
Bak 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC $S200 Carbon dioxide gas detector / monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 


ANRITSU MS9001B1 0.6-1.7 uM optical spectrum analyser gies 


ANRITSU ML93A optical power meter 99 

ANRITSU Fibre optic characteristic test set £POA 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WILTRON 6630B 12.4 /20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 


PHILIPS PW1730/10 60KV pot Barish or & accessories £POA 
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 
CLAUDE LYONS 100A 240/415V 3 phase auto. volt. regs £2900 









Surplus always 
wanted for cash 


Superb quality 6 foot 40U 
Virtually New, Ultra Smart 
Less than Half Price! 


Top quality 19" rack cabinets made in UK | 
Optima Enclosures Ltd. Units featu 
designer, smoked acrylic lockable front doc 
full height lockable half louvered back do 
and louvered removable side panels. Ful 
adjustable internal fixing struts, ready punche 
for any configuration of equipment mountir 
,plus ready mounted integral 12 way 13 an 
socket switched mains distribution strip mak 
these racks some of the most versatile v 
have ever sold. Racks may be stacked side by side and therefo 
require only two side panels to stand singly or in multiple bays. 
Overall dimensions are: 77%" H x 32%" B x 22" W. Order as: 
OPT Rack 1 Complete with removable side panels. £345.00 (¢ 
OPT Rack 2 Rack, Less side panels £245.00 (C 





| 32U - High Quality - All steel RakCab 


Made by Eurocraft Enclosures Ltd to the highest possible spe 
rack features all steel construction with removable 
side, front and back doors. Front and back doors are _<<& 
hinged for easy access and all are lockable with <8 
five secure 5 lever barrel locks. The front door & 
is constructed of double walled steel with a 
‘designer style’ smoked acrylic front panel to 
enable stafus indicators to be seen through the 
panel, yet remain unobtrusive. Internally the rack 
features fully slotted reinforced vertical fixin 
members to take the heaviest of 19” rac 
equipment. The two movable vertical fixing struts 
(extras available) are be punched for standard 
‘cage nuts’. A mains distribution panel internal- & 
ly mounted to the bottom rear, provides 8 x IEC 3 § 
pin Euro sockets and 1 x 13 amp 3 pin switched “%s 
utility socket. Overall ventilation is provided by 
fully louvered back door and double skinned top section 
with top and side louvres. The top panel may be removed for fittin 
of integral fans to the sub plate etc. Other features include: fitte 
castors and floor levelers, prepunched utility panel at lower rear fc 
cable / connector access etc. Supplied in excellent, slightly use 
condition with keys. Colour i al blue. External dimension 
mm=1625H x 635D x 603 W. ( 64” H x 25” D x 23%” W ) 

Sold at LESS than a third of makers price !! 


A. supeid buy at only £245.00 @ 


42U version of the above only £345 - CALL 






A special bulk purchase from a cancelled export order brings yo 
the most amazing savings on these ultra high spec 12v DC 14 A 
rechargeable batteries. Made by Hawker Energy Ltd, type SBS1 
featuring pure lead plates which offer a far superior shelf & guarar 
teed 15 ese service life. Fully BT & BS6290 approved. Supplie 
BRAND NEW and boxed. Dimensions 200 wide, 137 high, 77 dee, 
M6 bolt terminals. Fully guaranteed. Current makers price over £7 


-hOur Price £35 each « or 4 for £99 « 


Save ££FL"s by papel paiegd next relay trom our Massive Stock 
covering types such as Military, Octal, Cradle, Hermetically Seale: 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Soli 
State, Printed Circuit Mounting etc. , CALL or see our web sii 
www.distel.co.uk for more information. Many obsolete types froi 
stock. Save £££L£L's 


Undoubtedly a miracle of modern technology & 

our special buying power ! A qualit y product fea- 

turing a fully cased COLOUR CCD camera at a 

give away price ! Unit features full autolight sensing for 

use in low light & high light 

& applications. A 10 mm fixed focus 

& wide angle lens gives excellent foct 
® and resolution from close up to lon 
range. The composite video output w 
connect to any composite monitor or T 
(via SCART socket) and most vide 
recorders. Unit runs from 12V DC < 
ideal for security & portable applic. 
tions where mains power not availabl 
Overall dimensions 66 mm wide x 117 deep x 43 high. Supplie 
BRAND NEW & fully guaranteed with user data, 100's of applic: 
tions including Security, Home Video, Web TV, Web Cams etc, etc 


Web ref=LK33 ONLY £99.00 or 2 for £180.00 , 


NT4 WorkStation, complete with service pack 
and licence - OEM packaged. ONLY £89.00 (6 
ENCARTA 95 - CDROM, Not the latest - but at this price! £7.¢ 
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.¢ 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.C 
Wordperfect 6 for DOS supplied on 3%" disks with manual £24.¢ 


shipping charges for software is code B 


DISTEL on the web !! - Over 16,000,000 items from stock - www.distel.co.at 


Open Mon - 
*, 
" Uppe 
- 


Dept PE, 32 Biggin Way 
r Norwood 
LONDON SE19 3XF 


Fri 9.00 - 5:30 Open Mon - Sat 9:00 - 5:30 


215 Whitehorse _ 


Selhurst Park SR Rail Stations 





Visit our web site 
www.distel.co.uk 
email admin @ distel.co.uk 


ALL ‘& ENQUIRIES 










FAX 0181 679 1927 


i oleae for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from 


iversities and 


3 33 





Local Authorities - minimum account order £50 
Ges 20, wdarraagerl od hres pap ge harp (F)=£20.00, (G)=CALL Allow approx 6 days for shipping - faster CALL. All 


ot ian 
prc gi reed see a Ton CASH prices paid 


retum to base basis. All rights reserved to 
All trademarks, tradenames etc 


from Govemment, 
. Cheques over £100 are subject to 10 working days clearance. Carriage charges (A)=£3.00, ijes 


goods supplied to our Standard Cond 
tions without prior notice. Orders si 


pices | 
ics 1999. E & OE. 04/99. 


© Display 





LOOP AERIAL SW RECEIVER 


There have been electronic projects for just about everything imaginable published in 
recent years, but a simple short-wave receiver is still one of the most interesting PShseiesiaesescese 
electronic devices that you can build. Commercial shortwave sets are now highly peeks :: 
sophisticated pieces of electronics, and it is probably not feasible for the home Sr 
constructor to compete with these. However, at the other end of the scale it is possible sapstcte ss 
to produce simple and inexpensive receivers that are fun to build and will pick up See ee 
numerous stations from around the world. 

The design featured here is intended for broadcast band 
reception at frequencies from about 4-5 to 14 megahertz. This 
provides coverage of the popular 49, 41, 31, 25 and 22 metre 
bands. It does not require an elaborate aerial or an earth con- 
nection, and the aerial is a form of loop antenna. _ Co 

The term “loop” is perhaps not entirely appropriate in this | ___idiizwés..wuwuws:!, 
case, because the aerial is actually a length of 300-ohm 
impedance ribbon feeder. This form of loop antenna has the 
advantage of being easy to accommodate, and it seems to 
provide quite strong output signals. The loop is, in fact, about 
two or three metres on one dimension and only about 10 mil- 
limetres on the other, rather than a circle of around two metres 
in diameter. 

This is a very simple design using just three transistors. 
There are no unusual coils to wind or buy because the loop 
aerial also acts as the tuning coil, so it is very easy to build. 


CHILD GUARD 


Child Guard is a design intended to help prevent young 
children from burning themselves. It does so by means of an 
audible warning if the child approaches a hot fire. The circuit 
may be used with any equipment designed to produce heat, 
e.g. electric, gas or coal fires, ovens, etc. It is, of course, suit- 
able for helping to protect anyone of any age. 

The design produces a coded infra-red beam which detects 
the proximity of a person by bouncing infra-red off them as they 
approach, yet without being confused by other infra-red 
sources. A separate sensor detects the random infra-red 
radiation being emitted from a heat source. If anyone 
approaches the fire, a warning buzzer sounds. 


PLUS: ANALOGUE DATA LOGGER PART 2 
FROM PIPELINES TO PYLONS PART 2 
PRACTICAL OSCILLATOR DESIGNS PART 3 





DON'T MISS AN 
ISSUE - PLACE YOUR 


1 
ELECTRONICS ORDER NOW! 













TODAY INTERNATIONAL #@ Demand is bound to be high 
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! New from FED, the FED PIC C Compiler !! 
PIC Programmers and development equipment 






Pp roaqram my | C Devices ; n Scenix, PIC, & AVR Programmers 

g PIC Serial — Handles serially programmed PIC devices in a 40 pin multi-width ZIF 

socket. 16C55X, 16C6X, 16C7X, 16C8x, 16F8X, 12C508, 12C509, PIC 14000 etc. 

Also In-Circuit programming. Price: £45/kit, £50/built & tested. 
PIC Introductory — Programs 8 & 18 pin devices : 16C505, 16C55X, 16C61, 
16C62X, 16C71, 16C71X, 16C8X, 16F8X, 12C508/9, 12C671/2 etc. £25/kit. 
AVR — 1200,2313,4144,8515 in ZIF. Price : £40/kit £45 built & tested. 
Scenix — SX18/SX28 in a 40 pin ZIF. Price : £40/kit £45 built & tested. 















Programmers operate on PC serial interface. No hard to handle parallel cable 
swapping! Programmers supplied with instructions, + Windows 3.1/95/98/NT 
software. Upgrade Programmers free of charge from our web site! 





At long last the FED PIC C Compiler ! 
Supports all PIC 16Cxx, 12Cxx devices AVR, PIC, Scenix — Windows Development 


Assembler/Simulator allows development of your AVR, PIC or Scenix projects in 
® . one Windows program. \ncorporate multiple files, view help file information 
Integ rated Compiler Environment directly from code, edit within project, build/track errors directly in source, then 
simulate. Simulator has many breakpoint types, follow code in source window, set 
breakpoints in source. Run, single step, or step over. Logic Analyser Display! 










F ully interoperates with FED’s Track variable values and trace for display on the Trace Analyser. 
. Input stimuli includes clocks, direct val d serial data. 
P ICDE Environment for complete cise <atarnine and ire aecers ‘died founee ue ihe infonieiea to 
simulation and debugging optimise out bottle necks. PIC Version Simulates up to 50 times faster than MPSIM! 
Cost £20.00. Specify PIC/Scenix or AVR version 
Ring/Write for details or visit our Web Site: ina ic & ABIG Brodlicin Seal web oie kr 






details 





http://dspace.dial.pipex.com/robin.abbott/FED 








Forest Electronic Developments Prices are fully inclusive, Add £3.00 for 
60 Walkford Road, Christchurch, Dorset, BH23 5QG. P&P and handling to each order. 


E-mail — ‘‘robin.abbott@dial.pipex.com”’ Cheques/POs payable to Forest Electronic VISA 


Web Site —‘‘http://dspace.dial.pipex.com/robin.abbott/FED”’ Developments, or phone with credit card 
01425-274068 (Voice/Fax) details. 








Computer Controlled Robotics 





DISTANCE 
LEARNING COURSES in: 


Analogue and Digital Electronics 
Circuits, Fibres & Opto-Electronics 
Electronic Testing & Fault Diagnosis 
Programmable Logic Controllers 
Mechanics and Mechanisms 

GCSE and BTEC Mathematics 


Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 
Courses are delivered 

as self-contained kits 

No travelling or college attendance 
Learning is at your own pace 
Courses may have 

BTEC Certification and Tutoring 











Telephone for our catalogue or 


> \, visit our web site for further details Mints, For information contact: 
3E. | 40 Wellington Road, Orpington, Kent BRS 4AQ ae ee pose 
Telephone - (01689) 876880 ephone 01296 624270: Fax 01296 625299 
ite - http://www.technologyindex.com Jeteniobe © a 
Web Site - http: ‘ fl Web: http://www.nct.ltd.uk 


Prices exclude VAT and £5.00 next day carriage 
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Hewlett Packard 3785A — Jitter Generator + RECCIVET...........ccssssssesesessesesesssssssseeesessterseseereeeseeenses £1250 
8 C AV ANS WAY Hewlett Packard 37900D — Signalling Test Set (No. 7 ANd ISDN) ........sessseseseessessesseseessesseenentenseenes £4250 
3 Hewlett Packard P382A — Variable Attenuator oo... esssessescssseesecssssssssssensssessssensessecseneseeeees £250 
BINLEY INDUSTRIAL Hewlett Packard 4192A — LF Impedance Analyser ............cccssessessesssscseessesssessssecteresesseeeeeseseeesees £6500 
Hewlett Packard 4262A — Digita COPE WOOF scssnssssdnccaeacercstcsopsstsbsaaantibrivnintessidieaeipatencsrieatbonamentiedion £950 
Hewlett Packard 4342A — ‘Q’ Meter ..................05 stcalibs Gassauceaaiesasaouddovdeabaseoogasiiheis apse tetaeeaan £600 
ESTATE s Hewlett Packard 435A or B Power Meter (With 8481A/8484A) .0....... cc ccssesssteeereesseseseseseneeeres from £400 
Hewlett Packard 436A and 437B — Power Meter and Sensor ...........ccccesssseenecsseeseseeeeeeeeeees from £900 
COVENTRY CV3 2SF Hewlett Packard 4948A — (TIMS) Transmission Impairment M/Set «....-.c.ccssncneneessessensene £1000 
sect Patent ptt rv Lan Hilesae ame dusadusisusansescsdcsseeiastastaueiecsalttnetate eaxsaneeatin aamaeenitiv pen 
ewlett Packar RINE) CUIONONIG occ c crsiadadinsiviescisiammncdeorsinneisurisemanaunnnmaemiesl 

Tel : 01 203 650702 tet re ape acte syeka _ (NEW) 160 a paler aaa CS SRN CRIS ESE os 

wiett Packar - LIE COUN oss cieccasiiinnihetstdnsnnnbacnomes 
Fax ; 01 203 650773 Hewlett Packard 5316A — Universal Counter (IEEE) ...............:sssssssssssensssseseseneneneeseseseneseseneneeenennenees £400 
- trent Ser took aa - “yeh High beer en Sy BOOMTS:18G Geiss bsdaesaeyesnacasiews £600 
® Hewlett Packar — Microwave Frequency Counter 2z- ORE TS sisctsoveaeasninits £800 
Mobi le = 0860 400683 Hewlett Packard 5359A — High Resolution Time Synthesiser .............::ccccscescsseeseseeseeeseeseeeeeseteeeeeeees £2950 
F Hewlett Packard 5370B — Universal Timer/Counter ..0...........ccccesesesssesecessessesesseesseesessecesesseneeeeeeere £2000 
(Premises situated close to Eastern-by-pass in Coventry with easy access Hewlett Packard 53844 - 226MHz Frequency Counter Foster tn rr ame £500 

Hewlett Packard 5385A — Frequency Counter — z- with OPTS 001/003/004/005 ........ 
2 eee Hewlett Packard 6033A — Power Supply Autoranging (20V — 30A) ......:sssssssssssssssssssssssssssssssuesessneees £750 






Hewlett Packard 6253A — Power Supply 20V — 3A TWIN ........ cc ccccccsessesscesseesesscsesseesssesecseeeseeeesseenees 


£200 
OSCILLOSCOPES Hewlett Packard 6255A — Power Supply 40V — 1°5A TWIN oo... ccccceccscesesteseeeeseeeeteneseeeesenenteeneneeeeees £200 
Beckman 9020 — 20MHz — Dual Channel ............cc:ccccccccccesceccescescescessesceesessceacesessscsassaseusscceeseasscessasees £150 HEWLETT PACKARD 6261B 
Gould OS 245A/250/255/300/3000/3351/4000 ........cccsscsssssccsssssssesssssssssesessevenssensusneecerscesenteceenes from £125 Power Supply 20V - 50A £350 Discount for Quantities 
















Hewlett Packard 180A/180C/181A/182C .......csssssssssssssssssessssssesucsscsnssussuceusenssnseneeneenesnsensseaeaanss from £150 
Hewlett Packard 1740A, 1741A, 1744A, 100MHz Dual Channel ..............ccscssessessessessnesneeneeseees from £300 Hewlett Packard 6264B — Power Supply (0-20V, 0-25A) .........sessssssssesssssssessssssssnsssnsesessesaneeasenseceneass eed 
Hewlett Packard 54100D — 1GHz Digitizing ..............scccsssscssesseessesnessecsesuecnecsecnecnecneesecnscanecneeneesuenneess £1250 Hewlett Packard 6266B — Power Supply 40V — 5A ..... 
Hewlett Packard 54200A — 5O0MHZ Digitizing..............sccsssssssscssssecsssecssnecessseessnecessuecensneessneeeeneeneeates £500 Hewlett Packard 6271B — Power Supply 60V — 3A ..... £225 
Hewlett Packard 54201A — 300MHz Digitizing eo atic duaatieaaaabndasdaasianssersanneeaamareieae es £1250 Hewlett Packard 6624A — Quad Power aay sessennsecs -£2000 
Hewlett Packard 54512B — 300MHz — 1 GS/s 4-Chanmnel ...........:csccsssscseesseessecssescstecsnccsneceneeeneseenens £2250 Hewlett Packard 6632A — Power Supply (20V — 5A) .. .--£800 
Hewlett Packard 54501A — 100MHz — 100 Ms/s 4-Channnel ...........::ssscsesssssesssessnesseesneesneesseessenneesnees £1250 Hewlett Packard 6652A — 20V — 25A System P.S.U. .. --- £750 
Hitachi V152F/V302B/V302F/V353F/V550B/V650P ..............ccccescsecsseesssessecsssessscssscssnecanecsseensens from £105 Hewlett Packard 7475A — 6 Pen Plotter .............-.00+ £250 
Hitachi V650F — GOMHz Dual Channel ..........ccccccsssesssssssssssssecessssesessssesssssecsessseccssssesesssveceensnseesesssnenses £200 Hewlett Packard 7550A — 8 Pen Plotter ................-s-0 ---£350 
~ SRNR ANNI heey cssiaeaic acta vetiek deceased cana ete detpeeseenedaaltcaeonnielt £900 Hewlett Packard 778D — Coax Dual Directional Coupler .... ..-£600 
Hitachi V1100A — 100MHz 4-Channe 
Intron 2020 — 20MHz Digital Storage (NEW) ..........ssscssssssesscssssessssseccsssuecessnsecsssusccessneccessnuseesssnneceessnnes £450 Hewlett Packard 8015A — 50MHz Pulse Generator .................. -.-£500 
Dasreints SET SET DOMME oi ces sti dsse sinathceinaissccsccsassastes seaciecensncasratcsanntamniniaioineds from £125 det Seen 4 a - a iA held gat Signal Source .. pi 
“ - igital DE) sis arcctncenrinrntniieaiananemamenenl £450 ewlett Packar — Data Generator ..........scsecreecseereeneeeneenneens 
Leoy 9304 AM yore wea a pit a pds Sa ahaa aed ba stacks Teaneeus aceiatelaltadscias £3000 Hewlett Packard 8182A — Data Analyser ................:eceeee eseseuseasensenasneceres wasidiaay siseuisoaqsoesys £1500 
a BF oT 1 re amie nce eRe meet er ae A £2250 Hewlett Packard 8350B — Sweep Oscillator Mainframe (various plug-in options available) . .£2500 
meh Su ae ag a ei wo > edaaglada spain tin £450 Hewlett Packard 83554A — Wave Source Module 26:5 to 40GHz £3500 
Philips PM S211/M 3212/PM 3214/PM 3217 3234/PM 3240/PM 3243, SCS =e ee Hewlett Packard 835554 - ‘Millimeter — Wave Source Module 33-50GHZ ........ce...ssssssees A250 
/| 3540 cata ainlpe nese koabauncieansaneseccedebcasueseaescnsneseaacencnesecbal rom od seeeeecsseauesecceusesecnceenccssccseaesceasssseusceaascenecesuccenarsaesea ener ee eenes 
Philips PM 3205A 400M Dual PIN ccleaner usicssahits cain dander niaanieal £1600 Hewlett Packard 8620C — Sweep Oscillator Mainframe ............---scssseeeeceessneeeeeesnnneeeesneneenneeey from £250 
Philips PM 3335 — 50MHz/20 Ms/s D.S.O. 2-Channnel ...........scssssessssessssecsssccsssecsseccanecesnecssncessnceeneanees £950 Hewlett Packard 8640B — Signal Generator (512MHz + 1024MHZ) ..........--v.s-sssseesseessnessseeseenees from £850 
Tektronix 455 — 5OMHz Dual Channel ...........csssesssecssesssecssecesucesnecsuccssecssecssecsnecanecensesnucesnecsneceneaneneess £200 Hewlett Packard 8642A — Signa! Generator (0:01 to 1050MHz) na Performance Synthesiser ....£6500 
Tektronix 464/466 — 100MHz Analogue Storage ...........ssescssssssessssessseessueessseessseesnsecsnnecsneeneenss from £300 Hewlett Packard 8656A — Synthesised Signal Generator (Q9OMHZ) ...........-.ssesssssesssessssesssessneessnneeens £850 
Tektronix 465/465B — 100MHz Dual Channel ............-scsscssssssssssccsssesssnseessussessnecesnneesssneeessnesessens from £300 Hewlett Packard 8656B — Synthesised Signal Generator ..............crssccssseersseseesnnesssnnecsnneesnneneenenns £1450 
TNE BI im TNE 8 sisecasieczoracz acesnnsuicsrtyscaieensendoatantiadGanwiiamensioneantasedienes £500 Hewlett Packard 8657A — Signal Generator (100KHZ-1040MH2Z) ........-.s..cessseecsssesssesssneesnneessneessnenees £1900 
Tektronix TAS 475 — 100MH2z — 4-Channel .............sccsssscsssecsssecssscssseccssecsusccsseceasecenscccnsecsnsecenneeseeneess £995 Hewlett Packard 8660D — Synthesised Signal Generator (10KHZ-2600MHZ) ..........-:-sscsssseseessereens £3250 
Tektronix 475/475A — 200MH2z/250MHz Dual Channel .......cccccccccccececececccsececscecececcecececseseeceveees from £400 Hewlett Packard 8750A — Storage Normalliser .............c.ccccssssssssesssesssresssseseessessaressssssseenseseeeeeeeees £295 
TR NeCTRNG BIN me SSNs SA ONIN IE isis sesprssndsvcssinctsvaaviccenia sotaiennecanivennotaneniioimasniiansserinntansensind £750 Hewlett Packard 8756A — Scalar Network Analyser ............-ssscssssssscssssssnsssssesnecsnesnneensecnncsnvennnesney £1500 
Tektronix 2211 — Digital Storage —5OMHZ ..........ecccsssccssescsssscsseccsneesssccssecssecesuecssuecsssecsneecsneeseaneanente £800 Hewlett Packard 8757A — Scalar Network Analyser .........-...:ssssssssssssssessssssssseesssesssseennnecssnsensnesssneess £2250 
Tektronix 2213 — 6OMHz Dual Channel ...........cccsseccsessssesssecssessecssvccssccssccsnecssecsucessecsncesnecsseessneaneseenes £350 spehat Axon ov dee - spare Poles baal soscoveeavcasscssnecssecssuccavecnsecssnscssnesanecsnseanecanecssscensesanseanes £1000 
II BENG CONTE GO TiO a iinssvcisiecasaseniscasacessnssnaciccavisssscainsesssisssieatienpentasteusaucessoenadeauanayate £375 wiett Packar * ULATION AMANYSED .........seeessesseseressssessssssseressnssssseesassessassesanaeatneenseneeeees £2000 
Tektronix 2220 - 60MHz Dual Chenncl DS.0. RN RM en £950 Hewlett Packard 8903E — Distortion AnalySet.............s..ssssssssssesssessessneessecsneennessnecnnncnnnennnesneanensens £1600 
Tektronix 2221 — 60MHz Digital Storage 2-Channel ..........c:csscsssesssesssessnessnessnecsnecsnecsneesneeesnecsnecenseenees £950 Hewlett Packard 8903B — Distortion Analyser (Mint) ..........-...-ssesssesssessssssssesssneesnsesnscsnessnsensecsnecansees £1500 
ektro 9g g 
Tektronix 2225 — 5O0MHz Dual Channel ...........sssscscsssesssssesssssessssscsesseccssscsessscsssscsssnecessueesssuesesseenecenee £350 Hewlett Packard 8920A — R/F Comms Test Set ............-sseseccssssrssseessnneesssnsessnncesnneennnsessansesnasssesays £2500 
Sieber eae SING << 1 OGRA OUI) BRON 2 sscsscsn scenic vssnsohovisccnogssanisnacenacsnsasnnsikasnsiactassssavasiessansmecsatsosciis £600 Hewlett Packard 8922B/G/H — Raadio Comms Test Sets (G.S.M.) .......:sssessesssessessesssesseesensens from £8000 
ettronix 2396 — Dual Trace TOOMHZ (DOrtMbs) ...:...:00:ssscescsascscessesseossacacscesvsssssssoseeceesssseosscssssessocsnene £600 Hewlett Packard 8958A — Cellular Radio Interface ..............ccccccssescsessesscssssseseseseeesseseeeesseansesserseeseees £1000 
Tektronix 2440 — 300MH2/500 Ms/s D.S.O. 2-Channel ..........sssesssesssesseesssessncesnecnsceseecssessneesneeeneensees £2500 Keytek MZ-15/EC — Minizap 15kV Hand-Held ESD Simulator ...........-ss.ssssesssessnessseesnessesssnssaneensanens £1750 
Tektronix 204s — 1SOMHz - 4-Channel+ OE ares erescs citer cad iateecin tennis aad vation £900 hil tb ce - tee | Te GONOPAtOl ........ssecseeseessessserseessessnscnnecsnesssecsnecsesssecnnecnsennecanecnesnenees £995 
r 44. -_ 100 — 4- AINE NOON ches anascascsedcuask cussutedtaccsaacacchsanceccucesmsvaastdlsesvaucauvetscaccascriwewacdec £900 = eA FEIGHUEEA cn ccncccccccccsceccccccccccsccceseccccsesccescccuaceponscosucuscsccccenensseccncccsssoncasecsacnccteccedaccuess £250 
Tektronix 34768 - 400MHz tM M kccstlaceatisovtipi tcasnnaai epaeiancnlaiasace mia £6500 bor aloha 5200 - ong reggas GONEPARON .......ssesssecseessesseessessetentecseessesseesseessesanessscsneesseenesanensens oat 
Tektronix 5403 — GOMHz — 2 or 4-Channel 20.00.0000... coco eccceccccccccecccecceccccecccecccnccencecscceccceareceeececes from £150 rohn-Hite 6500 — DO PROG ain sivsiicdiscsciicediscasiceacccsssccaccesecscecaselsccsacecsscacosesceesccondescatacsepegsessaogcanwesd 
Tektronix 7313, 7603, 7623, 7633 — 100MHz 4-Channnel ..........cccccccscscsesssssssscecscscsesescsrsecseeeseres from £225 Leader LDWK170 = DIStrtIOn MOO! ciizsiescssscicdssccssecsdtisscsstoscsosessssavecoassetosssasasgatssdsceagcodessssessnesdseanaca sites £350 
Tekaront 7704 - 250Miz 4-Channel .......... : thie el Ail att bed eecam ini nciataeelbd f rom £350 apo frock : a a a Generator (100kHz-140kHz) AM/FM/CW with built-in FM stereo esas 
n at, SE IVREED .uiaicdad bhccadadccacdaetcesdaekievicasGanccdsawacureuteassckslinubecdabinennsdeckeuneusaancikecicaceseneie TOM £400  =—=_—__—OCHUTATON (ITHIL).......ceceececceerecnenecseceveeeeensesvasnseneneeneeneneensaesessenersesnesessasseenecnenecnecceseesenaeneesesauaeeneneneeeee 
Trio C1 022 - 20MHz ~ Dual oa On OU aR ith eee Pd hee Sen oetnnear te aa te asin ttn £125 Marconi 1066B — Demultiplexer and Frame Alignment Monitor (M@W) .........ss:sssesssesseesssssseseesseeesetens £POA 
Other scopes available too Marconi 2019 — 80kHz-1040MHz Synthesised bs GORDI vcsciscreieissssesssaiiossnarsveriniasavcsicconeateite £750 
Marconi 2019A — 80kHz-1040MHz Synthesised Signal Generator ........... ccc ceseeeesereetseeseeeesenees £1000 
SPECIAL OFFER OE OOI ST7 1 Cte YTIIUOOINOE (OWN) sisi cis aes esesscscsenccassosesicsnceserssscacsesnasnnsboczetessecsanddsssiastauneasie £POA 
HITACHI V212 — 20MHz DUAL TRACE Marconi 2185 — 1:-5GHz 1 tla PMONURION (NOW): iiicsicesccasvacscsiscastgsossigsranavsscesiaarsnpeteasaenpanes £POA 
HITACHI V222 — 20MHz DUAL TRACE + ALTERNATE MAGNIFY GIN Terr MF PI ION, asic ses cisaasiscestsounseisescnssceetenisenateuiseastandseasernetenelsaTncgnnnecnetitnase £1750 
Marconi 2337A — Automatic Distortion Meter .............:.ccscccsssccsscesscesecesseesseeseeessseeececseeeseeseseeeeseseueeees £150 
Marconi 2610 — True RMS Voltmeter ..............cccccccssscsssessccssessseseceseeseecescnsessesscsuesearcsseeseneeenscsaseceeeeenes £700 
SPECTRUM INV VEZ 4-15 reer gg Pe rk Ha flip wcbesadasiaksvadsaowdsustsaddesaiecsiaesvatiiescostscevassavesuckseiasnisesaucctycaaietexsa mnt 
arcon - Radio WPMTIS “TOBE DG cssssvcscecessisiiccessccccascesscssscsesssassssasasiencscocseccssessactecscssecsseetesaasace 
M - -P le - MOI) sicclsccceniectnsatdivlusaiatsneoacioinestas! 
Ando ACE211— Spectum Anaiger Y7GHE snnnnnnnnnnnnninnnnnnnni £1995 Marcon! 98506960~*Power Heler& SenGor Nera enc irom $800 
nritsu - Y IZ aiusaavesbecataausescs seensaaevessedseacbadesbaceceevssceusssesseasusandcteccebytecelsenecceceracae ] -P Meter & SONSOF .........cccccccccccccccecceccccecececesceccesceccecescescerencescecescecsesevceuens £950 
Anritsu MS3401A +MS3401B - (10H2-30MHz) «...-mvnssnnnvesnnvmnsrrvsnvorrernrsoe Ate oimcatianiae. trom £250 
Anritsu MESIOB — 10KHZ-2GHZ — (Mint) ..........-crsscssssssssssscsssssecsneonsonsancnssesonencsnconsnscosonsenesestnenenensoess £4500 Philips PM5167 MHz Function Generator ............ccccccsssccssessssessesesssssessesesscsvsaesscscsecacsucacscsescansseeecacsees £400 
i Lng = : ane aoe AMANYBON ....0.rscsesscossnsssserssesenssvcnzssossonsnvnessconseseetsoressess yo Philips 5190 — L.F. Synthesiser (G.P.I.B.) ......c.ccccccccsessescssssssescssecsscscssssscsecsesseeseesesessessssnesesseesesneavenees £800 
vcom - Z— po ND wessenausaksscctecaussiasecscesccesccssaresacscancecesecetscsdsseesaxsceniessdiararessssansecs i j ION GONErAatON ...........ccccccccccccccccsccecccocecccececceccecccesscescccecceeececceueces 
Hameg 8028/8038 - Spectrum Analysertracking Gen + 100Niz Oscloscope..e nn $100 | Baling MAINS IV Gaten Cone 350 
Hewlett Packard 182R with 8559A (10MHZ-21GHZ) .......... ss esseeeseseesteseeneeneneneeneeneeneseennenteneeenees £2750 Philips PM5716 — 50MHz Pulse Generator ..........c.cccccsessecessessessesessessessscsecsucscstsaccarsnesueereatsnesnesesaveees £525 
Hewlett Packard 182T + 8558B — 0:1 to 1SOOMHZ .............ssssssesssesssssessseesnsesssesssseersueessneessnessssecsneees £1250 Prema 4000 — 612 Digit Multimeter (NEW) ........ccsccccsscssscssssessssecsssecsssessssssssssesssscsssecsssvecsuseesuvecsuessaneeens £350 
Hewlett Packard 853A + 8558B — 0-1 to 1SOOMHZ ............ssssssesseesseesesssesseesnesneessecnnesueeanensneeneenneesneey £2250 Quartzlock 2A — Off-Air Frequency Standard .......c.ccssscsssecssessscsssssessssssnsesscsssesssessssssssstesseesseensensersecees £200 
Hewlett Packard 3562A Dual Channel Dynamic Sig. Analyser .............ssssseseeesserseesneeeneeneneenens £5750 Racal 1992 — 1-3GHz Frequency Counter ............sccscssssssesssessssssessesssssssessssssssssssssesssessssssssssesssssssssaesees £700 
Hewlett Packard 3580A — 5HZ-50KHZ ................ccccccsecsscccsseecssscssecseeecensussssceneucsessescsvenssseesseracanenenseaees £800 Racal 6111/6151 — GSM Radio Comms Test Set ....cccccccccccceccccseccecececsscsecseesccscesccscesscsscscescsscesseseesseee €POA 
Hewlett Packard 3582A — 0-02Hz-25-6kHz (Dual Channel) ..............cccccssssescesscescesscessesesensceeseeesenes £2000 Racal Dana 9081/9082 — Synthesised Signal Generator 520MHz from £400 
Hewlett Packard 3585A — 20HZ-40MHZ o.oo... ccc cecccccccssccscessecessessseccccssesessecceeeeuscsceeeseuscceesseeceencese £4000 Racal Dana 9084 — Synthesised Signal Generator 104MH2z.............. £450 
Hewlett Packard 8569B — (0:01 t0 22GH2) on mnnnnonnnnnsnnsnninnninnnn £4250 Racal 9301A ~ True HMS VF MultWOlIMetel re esonssssosnrnsoomrornrnrnnonrnrnrnrcnc e900 
Hewlett Packard 85046A — ‘S’ Parameter Test Set ...........ssecssessseesseesnesneesnnesnecnesnersneenneecnneenneeseens £2500 Racal Dana 9302A — R/F Multivoltmeter (new Version) ..........ccscsesssecsssessssesssscsssesssucssvecsuesessessvccanceveees £375 
Hewlett Packard 8753A — Network Analyser .............sssesesessssnesneensensenseneesneensensenseneeseeeneneeees from £3000 Racal Dana 9303 — R/F Level Meter & Head ............ccccecsccessesssssessssesessesseesesssessssecssesecsesassacsnecucsuesesns £650 
carrres oe wie — Network Analyser ........-scssssssssessseessnneissseesennsnnseecesesssnnassecesssssnnseesy from £4500 Racal Dana 9917 — UHF Frequency Meter S6OMHZ ..........-sssvssssssssesssssssssssesssseseesenssssseneesecsnsessesseeany £175 
Meguro MSA 4 901 eae 3 OOGHE (AS NEW) sennnecccenanvessccccssossccscnscsecoeucvensccescccoascncacsccnensecccssescansoeousnees wo ee : | seb eh me Aton “fe suet panera sc duc bdcualcseheadaceucecaseatcicic Stet £950 
ORR E ERE R EEE E HERE E EEE HEHE HERES EO HEHE EEE E EERE EEE EE EERE REESE HESS ESTE EEEEEE SEES (e) e warz -_ a 1o mms na yser socdsacocesccendkeuececeveverensevcocecsateifeqeacencne bcbeme One 
te rig birds - das Gon volyekon 6:1. S00Ndits ssssveaveessecssesssessosscusesssssoneasensesennsanensencensenseneenes Slane Schatiner NSG 203A - Line Voltage Variation SINE os aiisssensscacstcsducssavicesnsnecsitacncnednesbbeeads £750 
= “EW TOUUNMITTE vecsseseserseseeseeesesseescssresseserescenssescaseusueseneneceanaas chaffner — Interference Simulator ...............cccccceeseeeeseeeeees Bi sidsiavccsesiceascctalcaneea tate £700 
Takeda Riken 4132 — 1-0GHz Spectrum Analyser ................cssssssssssscecsssssssesssssssececsssssesessssessseseeses £2100 pa 
Tektronix 7L18 with mainframe (1-5-60Ghz with OXTOTIA! MUKOTS) ooeseccscessssesesenpsisesvpensscseccesghilesoiobeit £2000 Schlumberger 2720 = DgMre Frequency Counter stisiallnsdideianstanstlelieie feigicieetedeh acgiadec code £400 
oo pee AOE Ee 1 NAN Ea, POTENT UTI sr exsasescarssconnrsteisojatseiasverosontaseciorsesrosnsinnnstgeivvanalye £4500 Schlumberger 4031 — 1GHz Radio Comms Test Set .........sssssssssssssssssseseeseeeesovssssssssssvevveveverercereveee £4995 
ektronix 496P — 1kHZ-1-BGHz Spectrum Analyse .............--ssssscsssssssssesssesseeserssessernserssssssengeesesseess £4250 Schlumberger Stabilock 4040 — Radio Comms Test Set .........cc:sccssessessssssessessssssessesacssecssesuesnesenvees £1995 
Schlumberger 7060/7065/7075 — Multimeters .................cccsecsssssessescessesessceseseesecseseeeseeserearensens from £350 


Stanford Research DS 340 - 15MHz Synthesised Function (NEW) and Arbitrary - 


VV EV GTONTY CROP INEGI 2502825 ckcSessciesanesdecce savsgescnncviyucs vavsosootbsavaacdsdeusdeidbthessocsapesuscackeveieaaseonsooasta ie £1200 
MISCELLANEOUS Systron Donner 6030 — Microwave Frequency Counter (26-5GHZ) .............ccccsceseesesseseesessessteeesenses £1995 



















: : Tektronix AM503 + TM501 + P6302 — Current Probe Amplifier.................c:ccscccsssssssscsssessscessececceceeees £995 
Adret 740A — 100kHz-1120MHz Synthesised Signal Generator .........sssosesssssseeesusseeeeesussseeeseeseeees £800 Tektronix PG506 + TG501 + SG503 + TM503 — Oscilloscope Calibrator. £1995 
Anritsu MG 3601A Signal Generator 0-1-1040MH2z ........ : ....£1250 Tektronix 577 — Curve Tracer £1150 
Anritsu ME 4628 DES tranemiseicn Analvecr plod Fokctrni B27 Que TE BOF aeesncernieintennmeennnaitnzntnertntnntnnnnrenn neat eset a 
Anritsu MG 645B Signal Generator 0-05-1050MHz . ...£750 Tektronix 141A — PAL Test Signal Generator .........sccssssssssssssssessosssssssevesevvessessescrsssrernsnereeeeeeeeeeeeeeeee, £250 
on 4 ise W- “pete sssveseeeasessssnenenesseoraess £195 Tektronix AA5001 & TM5006 M/F — Programmable Distortion Analyser ......c.c..ccccssscssessessecsseeeeesees £1995 
so rap yids 4 onan setessseseosasenens £195 Tektronix TM5003 + AFG 5101 — Arbitrary Function Generator ..........c.ccscscssssscsessessessssstessssrscneecenens £1500 
He “ar 8 i u agp Analyser . £500 Tektronix — Plug-ins — many available such as SC504, SW503, SG502, 
EIP 545 - lean pt cece pled QGHZ ....cscsssssenes ...£450 PG506, FG504, FG503, TG501, TR503 + many More ............ccccsccscssssscssssssssssersessssessecsecsessesssscess £POA 
— Frequency Counter 18Gi2 ................ .£1250 Time 9811 — Programmable Resistance ..............:scscssssessssessssessescsescsvesessesesussesseausncsusaesnsatsnsarsavaneueees £400 
EIP 575 — Frequency Counter 18GH2 ................ -£1450 Time 9814 — Voltage Calibrator .............cccsssecssssessusssesssessssssessusssecsuccsssssecsucssssssssarssersssesnnssereavavesvanseees £550 
ee ovat = Bron Supply 60V-30V .......sessssseesenteen £350 Valhalla Scientific ~ 2724 Programmable Resistance Standard ...........:cscesssssssescssessseessessseesssssesenes £POA 
‘arne -70 MKII Power Supply (70V — 5A or 35V — 10A).... vee Wandel & Goltermann PFJ-8 — Error/Jitter Test Set ..........0:ccccccsccsssesssescesscessesscsssessccascascensecscenseeee £11500 
Farnell DSG-1 Synthesised Signal Generator ................:00000 ..£125 Wanrdal & Qaarmnarett POISE ( + Optlo#ne) ........2......sresscscsorsesssscnssescnscassenssssessenccessccoscecsesvescsesosbessenes £9950 
Farnell AP 30250A Power Supply 3V — 250A ...........sessssssssssessesssssesesssseeseesess £1750 Wandel & Goltermann MU30 — Test Point Sanne’ ...........cccccccssesesesesesesessssscseseatscststseseseasarseseeeeees £1500 
Feedback PFG 605 Power Function Generator ...........cssssssssseesssesesnneessnneessnneecsnneeessneceesneessnucencennsenss £150 Ue Ne ND ste capascnsiccendscnsata vg achaneosnben gobs saatsasanaita soled veasaisiawiabedaand £600 
eaten an eee Oe sane Sage sgdiseeuaaponedesuensapecsdesebaupepusausneaéexseebcndsscuancedbendnateccicacsaueadiaivaiten acon £1950 Wavetek 171 — Synthesised - phere COOP OI GION ics oe eves boccdeheseiacindcacatecehvucixinRedeogdaei a. £250 
MENG FO CONGON, 6c ssis cc sesexecessdsssossnscenecaianccasepsgsnacoccansbechéverecssisieocasseustecedete £2000 Wavetek 172B — Programmable Signal Source (0°0001HZ-13MHZ) .............cccsccssessesseesssscsseereseensnees £POA 
Buigtrve GIGS ~ T12 Beatiory, Beaver Caw oa iasecsisesssscsnsevocsncsesecssusnsesovevsnveisiesisnsdocesossensibaeasoenstnssonenae £550 Wavetek 184 — Sweep Generator — 5MHz . £250 
Hewlett Packard 1630D — Logic Analyser A COMIN sis crstesetirses caine aceasennncacaniee £500 Wavetek 3010 — 1-1GHz Signal Generator .....ccscsccesccsseccsseeessteeessteeeeteeeeeeee £1250 
Hewlett Packard 16500A/B and C - Fitted with 16510A/1651A/161530A/16531A Wiltron 6409 — RF Analysers (1MHZ-2GHZ) ........ccccccccssssessesscssessesessessessessesessvesessesecsvsssssvsveaveseesees ..£POA 
Hew me ee eseeoa testes A O4ebG Se obsoccs ses evnesedebadenssotsiasccesceteccneseUNsecoesesscccscccssccssesesensesoses from £2000 Wiltron 6620S — Foommnabie Sweep Generator (3-6GHz-6-5GHz) ..£650 
eo ue wt pial 7 posead ly plexi del saiuadi shaedusesitacsissiddeiiaressscasdeaipecastoecesseobekacseasssancsnuessdaeans = Wiltron 6747-20 — yobs Frequency Synthesiser (10MHz-20GH2z) ...... ....£3950 
Howlett Packard 334A.— Distortion Analyaer <-.....-0sccscsucccccoecceeenecccccmnne SRO ROMOWS DERE = ANIYRIOG FHOCOIOE wre rnnnstseenrterithemarnn Se ens aes ae 
Hewlett Packard 3325A — 21MHz Synthesiser/Function Generator ...........ccccccescecsssescsssscsceasseessenneees £900 
Hewlett Packard 3335A — Synthesised Signal Generator (200HZ-81MHZ) ..........c.cccccccccssecssseeesseneee £2750 
Hewlett Packard 3336C — Synthesised Signal Generator (10HZ-21MHZ) ...........sssccssecssesseessecsneeseseees £800 MANY MORE ITEMS AVAILABLE — 
Hewlett Packard 3455A — 61 Digit Multimeter (AUtOCAl) .............ccccccessesesseseesescescseeseacsacaccacseeasaccaceeee £500 E 
Hewlett Packard 3456A - Digital Voltmeter ising £600 SEND LARGE SAE FOR LIST OF EQUIPMENT 
Ww ackard 3488A — HP — witch Control Unit (various Plug-ins available) .................0.c006 £550 _ 
Hewlett Packard 35600A — Dua! Channel Dynamic Signal a ssssstavesbangesshuridees £3750 ALL EQUIPMENT IS USED 
Hewlett Packard 35868. 5 Selective Level Meter inner £800 WITH 30 DAYS GUARANTEE. 
Ww! ackar — Microwave Link Analyser .............ccccccccsssesssesesceees £1500 
roan “Sera STSGA ~ Selective Mesauring Set eS sipieeilisenindiauesss is sperhowsassiabudadbinasmeaansianaeaai tee £500 eRe t VAT 40 Be ABLE BEFORE ORDERING — 
w ckar: - OPTI TNE COIN scx dihs coetanshccs att cexs inh aid ficestdinsoniemsigesseiinieticann £1000 BE ADDE 
Hewlett Packard 3779A/3779C — Primary Mux Analyser ...........cccccccsssscsscesescssessesrsceseecneseeeaeees from £400 eae 
Hewlett Packard 3784A — Digital Transmission Analyser ............c.ccccccccsessesescesssssescsesssssarecauscaceesense £5000 
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SURVEILLANCE 


PROFESSIONAL QUALITY KITS 


No. 1 for Kits 








Whether your requirement for surveillance equipment is amateur, professional or you are just fascinated by this unique area of 
electronics SUMA DESIGNS has a kit to fit the bill. We have been designing electronic surveillance equipment for over 12 
years and you can be sure that all our kits are very well tried, tested and proven and come complete with full instructions, 
circuit diagrams, assembly details and all high quality components including fibreglass PCB. Unless otherwise stated all 
transmitters are tuneable and can be received on an ordinary VHF FM radio. 


Genuine SUMA kits available only direct from Suma Designs. Beware inferior imitations! 


UTX Ultra-miniature Room Transmitter 
Smallest room transmitter kit in the world! Incredible 10mm x 20mm including mic. 
SV-12V Operation. 500M rAnge...........ssecssessssssesssssssessssesssssssssssessesssesssesesesees £16.45 


MTX Micro-miniature Room Transmitter 
Best-selling micro-miniature Room Transmitter. Just 17mm x 17mm including mic. 
SV-12V Operation. 1000M raNnge.........scsesscsessessessesesesessesssssssessessessessssesesesesasens £13.45 


STX High-performance Room Transmitter 
High performance transmitter with a buffered output stage for greater stability and 
range. Measures 22mm x 22m, including mic. 6V-12V operation, 1500m range. £15.45 


VT500 High-power Room Transmitter 
Powerful 250mW output providing excellent range and performance. 
Size 20mm x 40mm. 9V-12V operation. 3000M range.......csseccsssscssneessseeeses £16.45 


VXT Voice-Activated Transmitter 
Triggers only when sounds are detected. Very low standby current. Variable sensitivity 
and delay with LED indicator. Size 20mm x 67mm. 9V operation. 1000m range. £19.45 


HVX400 Mains Powered Room Transmitter 
Connects directly to 240V A.C. supply for long-term monitoring. 
SiZe SOMM X B5MM. SOOM rAaNGE..........sseccsscsssscsssssessessssossesscssssssssssssescsessecseseneees £19.45 


SCRX Subcarrier Scrambled Room Transmitter 
Scrambled output from this transmitter cannot be monitored without the SCDM decoder 
connected to the receiver. Size 20mm x 67mm. 9V operation. 1000m range...... £22.95 


SCLX Subcarrier Telephone Transmitter 
Connects to telephone line anywhere, requires no batteries. Output scrambled so 
requires SCDM connected to receiver. Size 32mm x 37mm. 1000m range......... £23.95 


SCDM Subcarrier Decoder Unit for SCRX 
Connects to receiver earphone socket and provides decoded audio output to 
headphones. Size 32mm x 70MM. OV-12V OperatiON........ccccsccsesessessseseseseeeees £22.95 


ATR2 Micro-Size Telephone Recording Interface 

Connects between telephone line (anywhere) and cassette recorder. Switches tape 
automatically as phone is used. All conversations recorded. Size 16mm x 32mm. 
Powered from line... .. £13.45 
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UTLX Ultra-miniature Telephone Transmitter 

Smallest telephone transmitter kit available. Incredible size of 10mm x 20mm! 
Connects to line (anywhere) and switches on and off with phone use. 

All conversation transmitted. Powered from line. 500m range........ccsccessseeeee. £15.95 


TLX 700 Micro-miniature Telephone Transmitter 

Best-selling telephone transmitter. Being 20mm x 20mm it is easier to assemble 
than UTLX. Connects to line (anywhere) and switches on and off with phone use. 
All conversations transmitted. Powered from line. 1000m range..........cceeseee £13.45 


STLX High-performance Telephone Transmitter 

High performance transmitter with buffered output stage providing excellent stability 
and performance. Connects to line (anywhere) and switches on and off with phone 
use. All conversations transmitted. Powered from line. 

SIZE 22MM X 22MM. 1500M rANGE.........cccsecsessecsecsecsecseeseeseesesssesesssessesseserssessenes £16.45 


TKX900 Signalling/Tracking Transmitter 

Transmits a continuous stream of audio pulses with variable tone and rate. Ideal for 
signalling or tracking purposes. High power output giving range up to 3000m. 

SIZE 25MM X SIMM. YV OpeEratiOn.........c.cccsecsecsesecsecsesseseesesssseseseesceseseeeeessesceeees £22.95 


CD400 Pocket Bug Detector/Locator 

LED and piezo bleeper pulse slowly, rate of pulse and pitch of tone increase as you 
approach signal. Gain control allows pinpointing of source. 

SiZe 45MM X 54MM. OV OperatiOn........cccsecccsecesecsesecseseeseseseesesseecsessescsssveescesees £30.95 


CD600 Professional Bug Detector/Locator 

Multicolour readout of signal strength with variable rate bleeper and variable sensitivity 
used to detect and locate hidden transmitters. Switch to AUDIO CONFORM mode to 
distinguish between localised bug transmission and normal legitimate signals such as 
pagers, cellular, taxis etc. Size 70mm x 100mm. 9V operation.............ccceeeees £50.95 


QTX180 Crystal Controlled Room Transmitter 

Narrow band FM transmitter for the ultimate in privacy. Operates on 180MHz and 
requires the use of a scanner receiver or our QRX180 kit (see catalogue). 

Size 20mm x 67mm. 9V operation. 1000M rANGE.........cccccesesesecneeeneseeeeees £40.95 


QLX180 Crystal Controlled Telephone Transmitter 
As per QTX180 but connects to telephone line to monitor both sides of conversations. 
20mm x 67mm. OV operation. 1000M range... cece £40.95 


QSX180 Line Powered Crystal Controlled Phone Transmitter 
As per QLX180 but draws power requirements from line. No batteries required. 
Size 32mm xX 37MM. Range S00M...........csccssecessesccsseseeseessessseseeeaseesseseraes £35.95 


QRX 180 Crystal Controlled FM Receiver 

For monitoring any of the ‘Q’ range transmitters. High sensitivity unit. All RF section 
supplied as pre-built and aligned module ready to connect on board so no difficulty 
setting up. Output to headphones. 60mm x 75mm. OV operation..............c eee £60.95 


A build-up service is available on all our kits if required. 


UK customers please send cheques, POs or registered cash. Please add 
£2.00 per order for P&P. Goods despatched ASAP allowing for cheque 
clearance. Overseas customers send Sterling Bank Draft and add £5.00 
per order for shipment. Credit card orders welcomed on 01827 714476. 

OUR LATEST CATALOGUE CONTAINING MANY MORE 
NEW SURVEILLANCE KITS NOW AVAILABLE. SEND TWO 
FIRST CLASS STAMPS OR OVERSEAS SEND TWO IRCS. 


Tel/Fax: 
01827 714476 
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The ADC-200 range of PC based oscilloscopes offer]: 
performance only previously available on the most expensive] i030)! 
‘benchtop' scopes. By intergrating several instruments into} ~~ = = = = = 
one unit, the ADC-200 is both flexible and cost effective. | 


Connection to a PC gives the ADC-200 the edge over traditional 
oscilloscopes: the ability to print and save waveforms is just one example. 
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simple to use, with comprehensive on line help. 


Video | A fraction of the cost of comparable benchtop 
Automotive oscilloscopes 


Electronics design Up to 100 MS/s sampling 

Production line tests Advanced tigger modes- capture 

Fault finding one off events. 

Education Up to 50 MHz spectrum analyser 

Large buffer memory 
= units ile with A#DEC-200/ 100 £499 
software, cables and power 
AAD E-200/50 £399 


supply. Prices exclude VAT. 
ADE-200/20 £299 





ee 


were heavy to handle, but over the years they have become smaller 

and smaller. The latest development in this field has just arrived: a digital storage oscilloscope ina 
handy slim housing, scarcely longer than a pencil and about as thick as your thumb. Despite its small 
service oscilloscope. 
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Applications —'¥ Can use PC display 
v Sample rates from 

Vv On-the-spot measurements | St ims 

\ Mi nlele)o) A=) (-lertcelal (er et ) 

Vv Measurements in amplifiers J a 4 

V Production line tests U i 4 






Fax: +44 (0)1954 211880 Tel: +44 (0)1954 211716 
E-mail: post@picotech.co.uk Web: www.picotech.com 











ELECTRON I 
MAIL ORDER ONLY e CALLERS BY APPOINTMENT 


r EPE MICROCONTROI | ERI 


EPE MICROCONTROLLE 


P|. TREASURE HUNTER! 

The latest MAGENTA DESIGN - highly 

stable & sensitive - with I.C. control 
I of all timing functions and advanced I 











I pulse separation techniques. i 
le New cireuit ee 1994 i 
le High stability i 
I drift cancelling j 
I @ Easy to build t 
1 &use ' 
1 @ No ground I 
1 effect, works i 
; inseawater i 
i fe Detects gold, I 
ji silver, ferrous & J 
i non-ferrous i 
i metals i 
1° Efficient quartz controlled i 
j microcontroller pulse generation. | 
gy @ Full kit with headphones & all i 
, hardware i 
pKIT_84/..... counties +1 £63, 95 J 


PORTABLE ULTRASONIC 
PEsT SCARER 


A powerful 23kHz ultrasound generator in 
a compact hand-held case. MOSFET output 
drives a special sealed transducer with in- 
tense pulses via a special tuned transformer. 
Sweeping frequency output is designed to 
give maximum output without any special 
setting up. 


Be 592 wainriecoaaranaes £22.56 
SUPER ACOUSTIC PROBE 


Our very popular project - with probe 
components and diecast box. Picks up 
vibrations amplifies, and drives headphones. 
Sounds from engines, watches, and speech 
through walls can be heard clearly. Useful for 
mechanics, instrument engineers and nosey 
parkers! A very useful piece of kit. 


MT BOS cicissaivicevecscesvincs £29.95 
DC Motor/Gearboxes 


Our Popular and Versatile DC 
motor/Gearbox sets. 
Ideal for Models, Robots, 
Buggies etc. 1-5 to 4-5V 
Multi ratio gearbox 
gives wide range of speeds. 


LARGE TYPE — MGL £6.95 
SMALL — MGS — £4.77 















Stepping Motors 


MD38...Mini 48 step...£8.65 
MD35...Std 48 step...£9.99 
MD200...200 step...£12.99 
MD24...Large 200 step...£22.95 








MOSFET Mkil VARIABLE BENCH 
POWER SUPPLY 0-25V 2:5A. 


Based on our Mk1 design 
and preserving all the 
features, but now~7 with 
switching pre-regulator for } 
much higher efficiency. Panel 
meters indicate Volts and 
Amps. Fully variable down to 
zero. Toroidal mains trans- 
former. Kit includes punched 
and printed case and all 
parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 


B52 


C$ 


Kit No. 845 isites ia 


EUROCARD 


EE204 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 
Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk 


All Prices include V.A.T. Add £3.00 per order p&p. £6.99 next day 
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'SPACEWRITER 


An innovative and exciting 4 
project. Wave the wand through “eos 
the air and your message appears. ¢ 

I Programmable to hold any message 

g upto 16 digits long. Comes pre-loaded sy 
with “MERRY XMAS”. Kit includes % 

§ PCB, all components & tube plus 


PIC PIPE DESCALER 


@ SIMPLE TO BUILD @ SWEPT 
@ HIGH POWER OUTPUT FREQUENCY 
e@ AUDIO & VISUAL MONITORING 


An affordable circuit which sweeps 
the incoming water supply with 






variable frequency electromagnetic i instructions for message loading. te OM 
signals. May reduce scale formation, NE Ces iseneretecssss ates £16.99) » 
dissolve existing scale and improve meee eee eee eee eT 


lathering ability by altering the way 
salts in the water behave. 

Kit includes case, PC.B, coupling 
coil and all components. 

High coil current ensures maximum 
effect. L.E.D. monitor 


KIT 868 ......... £22.95 POWER UNIT iaensenes £3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 


12V EPROM ERASER 

A safe low cost eraser for up to 4 EPROMS at a time 
in less than 20 minutes. Operates from a 12V supply 
(400mA). Used extensively for mobile work — up- 
dating equipment in the field etc. Also in educa- 
tional situations where mains supplies are not al- 
lowed. Safety interlock prevents contact with UV. 


BU, POO wast capacatecetntavenscuns 


SUPER BAT 
DETECTOR 
1 WATT O/P, BUILT IN 





build reliable circuit. Keeps pets/ SPEAKER, COMPACT CASE 
Play eruae, ac. Uses paver sods 20kH2-140kHz 
from 9 to 24 volts. NEW DESIGN WITH 40kHz MIC. 





e RANDOM PULSES 
e HIGH POWER 
e DUAL OPTION 


A new circuit using a ‘full bridge’ audio ee 
amplifier i.c., internal We. a 
speaker, and head- a Nee i , 







Plug-in power supply £4.99 


K l T 8 6 7 ee ee £ 1 9 . 9 9 phone/tape socket. The y nd sna 

KIT+ SLAVE UNIT.................. £32.50 latest sensitive transducer, Seer 
and ‘double balanced mixer’ xe" 

WINDICATOR give a stable, high peformance : 


A novel wind speed indicator with LED readout. Kit comes 


: superheterodyne design. 
complete with sensor cups, and weatherproof sensing : 7 7 


EL OOM cccscestienecteceeneg: £24.99 



















head. Mains power unit £5.99 extra. 
i 656 ose) scctecestotaesseseeeactans unstanees £7000 eae 
ok Tats hh * E.E. TREASURE HUNTER 
Pl. METAL DETECTOR 
MKI 
DUAL OUTPUT TENS UNIT Magenta’s highly 
As featured in March ‘97 issue. (_4 spare | concent design. 
Magenta have prepared a FULL KIT for this\ ¢6.59 / Quartz crystal 


controlled circuit nl 
MOSFET coil drive. . 
D.C. coupled 
amplification. 
Full kit includes 


excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


PCB, handle, e KIT INC. 
KIT 866.... Full kit including four electrodes £32.90 case? HEADPHONES 
1000V & 500V INSULATION ° ‘CMOS DESIGN 






TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual- 
scale meter, compact. case. 
Reads up to 200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


KIT 848.0... eee eeees £32.95 


EPE 


e@e POWERFUL COIL 
DRIVE 


e DETECTS FERROUS AND 
NON-FERROUS METAL - GOLD, 
SILVER, COPPER ETC. 


@ 190mm SEARCH COIL 
@e NO ‘GROUND EFFECT’ 


Ab 0) | Ocsveniinaian eases £45.95 





Keep pets/pests away from 


PROJECT | recvinic ns fower beds 
PICS |e "Gns "itien erotluces 


intense pulses of ultrasound 

which deter visiting animals. 

e KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 

e@ EFFICIENT 100V 
TRANSDUCER OUTPUT e UP TO 4 METRES 


NOW £5.90 


Programmed PICs for 
all* EPE Projects 
Now one price 





£5.90 each @ COMPLETELY INAUDIBLE RANGE 
£64.95 copyright) Wee Pee firs ise pastiedvanceocaduariimusngeaneniaas £14.81 
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SIMPLE PIC PROGRAMMER 


INCREDIBLE LOW Ki 
tant Kit 857 £12.99 


| INCLUDES 1-PIC16F84 CHIP Power Supply £3.99 : - 
ee eee ZYTRACHIPa. | | @ Learn Programming from scratc 
CONNECTOR, PROFESSIONAL EXTRA CHIPS: 


PC BOARD & INSTRUCTIONS PIC 16F84 £4.84 | | e Uses Re-Programmable PIC16F84 Chip 
Based on the design in February ‘96 EPE article, Magenta @ Start by lighting an l.e.d. and work up through 
have made a proper PCB and kit for this project. PCB has over 30 tutorials to Sound Generation, Data 


‘reset’ switch, Program switch, 5V regulator and test L.E.D.s. Display, and a Security System 
There are also extra connection points for access to all A and 


B port pins. e@ PIC TUTOR Board has Input Switches, Output 


l.e.d.s, and on board programmer 
PIC16C84 LCD DISPLAY DRIVER | 
INCLUDES TPICIeFed | Kit 860 £19.99] | | PIC TUTOR BOARD KIT 


WITH DEMO PROGRAM a een en Includes: PIC16F84 Chip, TOP Quality PCB printed with 
SOFTWARE DISK, PCB Power Supply £3.99 Component Layout and all components* (*not ‘ZIF 
INSTRUCTIONS AND FULL PROGRAM SOURCE __ Socket or Displays). Included with the Magenta Kit is a 
24-CHARACTER 2-LINE | CODE SUPPLIED — DEVELOP disk with Test and Demonstration routines. 

LCD DISPLAY YOUR OWN APPLICATION’ _| | | KIT 870 ...... £27.95, Built & Tested ...... £42.95 
Another super PIC project from Magenta. Supplied with PCB, Optional: Power Supply — £3.99, ZIF Socket — £9.99 


industry standard 2-LINE x 16-character display, data, all LCD Display — With Software and Connection details .....£7.99 
components, and software to include in your own programs. . 
Ideal develpment base for meters, terminals, calculators, LED Display - Including Software 


counters, timers — Just waiting for your application! 
% Chip is pre-programmed with demo display *% 


PIC TOOLKIT 


mlOnLolOrc” M\VPAUINtoM OM AAminm-Sl@imPAUNIN iat me | © PROGRAMS PIC16C84 and 16F84 


@ ACCEPTS TASM AND MPASM CODE 


CONTROLLER | LIGHT CHASER Full kit includes PIC16F84 chip, top quality p.c.b. eiaiad with com- 


| t, t d PIC ket, all t d software* 
TORRE CORE cic eee PNcods QBASIC or QUICKBASIC noms ane 80 
@ ZERO VOLT SWITCHING - Now pin full oa KIT 871. . . £13.99. Built and tested £21.99 
10 CHASE PATTERNS ilerpetatle hibctte 
OPTO ISOLATED PIC16F84 chip. Easil 
© 4X3 KEYPAD CONTROL re-programmed for yout SUPER PIC PROGRAMMER 
e@ SPEED CONTROL POT. own applications. Software 
e HARD FIRED TRIACS ee READS, PROGRAMS, AND VERIFIES 
@ 4 CHANNELS @5 AMPS be followed easily. WINDOWS® SOFTWARE 
Kit 855 £39.95 PIC16C6X, 7X, AND 8X 
LOTS OF OTHER APPLICATIONS USES ANY PC PARALLEL PORT 
Phi B ALL PARTS FOR SERIES INCLUDING USES STANDARD MICROCHIP e HEX FILES 
LZZYEP CBs, PROGRAMMED CHIP CD-ROM OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
MAIN BOARD - FULL KIT ... £131.95 BUILT... £149.95 PCB, LEAD, ALL COMPONENTS, TURNED PIN 
KIT£16.99 BUILT SOCKETS FOR 18, 28, AND 40 PIN ICs. 
@ SEND FOR DETAILED Kit 862 £29.99 
INFORMATION -A p Supply £3.99 
re SUPERB PRODUCT AT AN SASS 
68000 Foxman : UNBEATABLE LOW PRICE. bt aie aan 


8 MHz 68000 16-BIT BUS 
MANUAL AND SOFTWARE 
2 SERIAL PORTS, PIT, 


AND I/O PORTS SERIAL LEAD £3.99 PCB, Kit 863 £1 8.99 
Mini-Lab & Micro Lab "| ALSO USE FOR DRIVING OTHER 
Electronics Lay cvidl 7 


POWER DEVICES e.g. SOLENOIDS. 
As featured in EPE and now 


; me Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up 
published as Teach-In 7. All et. | | to 24V and 1A. Kit includes all components and 48 step motor. Chip is 







pre-programmed with demo software, then write your own, and re- program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 









are supplied by Magenta. 
Teach-In 7 is £3.95 from us or 
EPE 

Full Mini Lab Kit — £119.95 — 
Power supply extra — £22.55 4 
Full Micro Lab Kit — £155.95 
Built Micro Lab — £189.95 











All pricesinclude VAT. Add £3.00 p&p. Next Day £6.99 
_ Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk 
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PRIZES 


It was my pleasure recently to be invited to present prizes to electronics students at Radley 
College. Apart from an interesting afternoon out in a truly wonderful location, it was fascinating 
to meet the students and see first hand their electronic projects. These, of course, are privileged 
students, being taught in small groups with one of the best school laboratories I have ever seen. 
(Fees at Radley are high.) However, what comes across strongly is the enthusiasm for the subject 
instilled by their teacher Max Horsey. 

Radley students have been represented in the finals of YEDA (Young Electronic Designer 
Awards) in five of the last six years (when they first took part) and have carried off many 
hundreds of pounds worth of prizes. Whilst the small classes and wide variety of equipment, 
etc., undoubtedly help — plus the long hours students can spend in the workshop and laboratory 
if they wish to — it’s the original ideas and lateral thinking that goes into each project that makes 
them winners. 


ENCOURAGEMENT 


Of course, not every school can obtain such facilities and in most schools class sizes will be 
three or more times larger, but there is no reason why the enthusiasm and encouragement should 
not be plentiful. We know that electronics is often at the bottom of the list when it comes to 
budgets, etc., and is often being taught by those who have not been trained in the discipline 
(Max Horsey was self-taught in electronics with the help of magazines and books) but, with the 
right encouragement, the students can generate the ideas, research the circuits and build the 
projects whilst learning alongside the teacher. 

It needs an open mind, the ability to research, and some resourcefulness but it can be done. 
There is now plenty of educational electronics material available on the Internet and in books, 
videos, CD-ROMs, etc. — see our sales pages for some of these items — and, of course, in EPE. 
One of the biggest advantages is that a good grounding in electronics can lead to a very 
rewarding career. We know not many can receive the level of education provided by Radley 
College, and I do not intend to get into the political arguments over that, but it would be good to 
see a more positive attitude and particularly some more cash coming from those in Government 
responsible for UK education. 


THE FUTURE 


Students represent the future of the UK electronics industry; we need to invest in them now 
and to continue to invest in them. We believe that the basic ability and enthusiasm exists in most 
schools — what is lacking is the finance and stimulus from the Government to push electronics. It 
happened in the eighties but has been sadly lacking since. 

This is the technology that now runs the world — it is possibly more important to our future 


than any other subject. 
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mercial equipment or the incorporation or 
modification of designs published in the 
magazine. We regret that we cannot provide 
data or answer queries on articles or projects 
that are more than five years old. Letters 
requiring a personal reply must be accom- 
panied by a stamped self-addressed en- 
velope or a self-addressed envelope and 
international reply coupons. Due to the cost 
we cannot reply to overseas queries by Fax. 
All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 
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ULTRASONIC 
PUNCTURE 
FINDER 


BILL MOONEY 


A new “first-aid” tool for your 
puncture repair kit, uses SMDs and 
ultrasorics to detect escaping alr. 


VERY cyclist will sooner or later need 
to deal with a flat tyre. After figuring 
out the intricacies of getting to the 
inner-tube, the puncture must then be 
located. 

Punctures come in all shapes and sizes 
from irreparable blowouts to slow punc- 
tures where the deflation can take weeks. 
But the most common type of puncture is 
from a thorn or a small nail. Such punctures 
can be quite difficult to find and a basin of 
water is often used to find the hole (air- 
bubbles rising to the surface) and to make 
certain that it is the only one. 


FIND-THE-LEAK 

The Ultrasonic Puncture Finder fits in 
here as a much less messy way of finding 
normal punctures. It will replace the water 
bow] and with a little skill may even help to 
locate some slower punctures. In a find-the- 
leak speed test the ultrasonic finder took 
only a few seconds whereas the water bowl 
took several minutes including the time to 
set it up and clean up. 

Other techniques such as lightly running 
the hand around the tube or passing the 
tube close the face to feel for the cooling air 
stream have their merits. But again the 
ultrasonic device tended to be faster and it 
is certainly cleaner. © 

The ultrasonic detector will not solve all 
puncture problems and can be defeated just 
like every other method particularly when 
dealing with very slow leaks. However, it is 
another useful weapon in the cyclist’s 
armory and it is easy to use. 

Apart from finding punctures this low 
cost device will be of interest to those 
investigating the properties of ultrasound. 


TURBULENT TIMES 


A jet of air ejected under pressure from 
an inflated tube will in most cases flow into 
the atmosphere in a highly turbulent man- 
ner. Because of the scale involved in the 
case of an innertube puncture a portion of 
this turbulent energy results in disturbances 
in the ultrasound region. 
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The commonly available ultrasound 
microphones of the type used in this project 
operate at 40kHz. The speed and the fre- 
quency of ultrasound or indeed any wave- 
form are intimately related. In all cases the 
wavelength can be found by dividing the 
speed by the frequency. 

The speed of sound in air is known to be 
about 344 metres per second. So the ultra- 
sound detector will respond to wavelengths 
of about 8mm. 

Prediction of the onset of turbulence 
involves very complex fluid mechanics 
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Fig.1. Recovery of audio frequencies 
from an amplitude modulated signal. 
(a) 40kHz signal with low frequency 
amplitude variation (noise), (b) after 
diode detection before smoothing and 
(c) recovered audio (noise). 





but another science called common sense 
would suggest that such short wavelength 
might be associated with a tiny jet of tur- 
bulent air from a leaky inner tube. We also 
get a clue from the fact that several suc- 
cessful companies market ultrasonic leak 
detectors world wide for diverse use such 
as in the aircraft and the chemical 
industries. 

Turbulence in the jet of air from a 
puncture will result in a complex mix of 
signals varying randomly in frequency and 
amplitude. The voltage output from the 
ultrasonic microphone will therefore 
appear as random noise. Most ultrasound 
detectors convert the 40kHz signals to the 
audio frequency range by mixing it with a 
steady local oscillator. 

Some experimentation confirmed that 
the amplitude of the 40kHz noise from a 
puncture air stream varied at audio fre- 
quency. This electrical signal from the 
detector can, therefore, be regarded as an 
amplitude modulated (a.m.) radio signal. 

The random ultrasonic noise signals 
will also mix in the detector to give sum 
and difference signals and the latter will 
also appear in the audio range. Put anoth- 
er way noise plus and minus noise equals 
noise. The design concept for the 
Ultrasonic Puncture Finder is therefore 
along the lines of a “straight’’ radio 
receiver with a simple detector and audio 
amplifier. 


STRAIGHT RECEIVER 


In a straight radio receiver, the signal is 
first separated from the myriad of signals 
in the radio frequency spectrum by a tuned 
circuit. This very weak signal of maybe a 
few microvolts is then amplified to a level 
(>100mV) suitable to operate a diode 
detector circuit. Before detection the sig- 
nal is balanced and there is no audible 
component. 

The diode acts as a rectifier allowing 
only positive going signals to pass. This 
results in a series of positive going pulses 
at 40kHz, the carrier frequency. A capaci- 
tor smoothes these pulses to give an aver- 
age which varies over time, corresponding 
to the low frequency audio component of 
the ultrasonic signal. Final amplification 
is at audio frequency after the detection 
process. 
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In such a line up there is no mixer as 
such and no intermediate frequency ampli- 
fication. This is illustrated by the recovery 
graphs shown in Fig.1. 


CIRCUIT DESCRIPTION 


The puncture finder relies largely on an 
ultrasonic transducer to select the input fre- 
quency. This is an electromechanical device 
which converts the ultrasound to what is in 
effect a v.1.f. (very low frequency) radio sig- 
nal. From there on the processing is the 
same as a tuned-in radio signal. The com- 
plete circuit diagram for the Ultrasonic 
Puncture Finder is shown in Fig.2. 

The ultrasonic transducer, RX1, is a high 
impedance device and its output is buffered 
by the low-noise f.e.t. TR1, which acts as a 
voltage follower. A simple high-pass filter 
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consisting of capacitor C1, resistor R3, and 
capacitor C2 removes any audio frequency 
components from the signal. This is a 
major requirement to prevent audio feed- 
back from the loudspeaker and consequent 
instability. 

Transistors TR2 and TR3 provide a gain 
block to lift the signal to sufficient ampli- 
tude to drive the diode detector D1. The 
feedback capacitor C4 provides top cut and 
improves the r.f. stability of the circuit. 

A strong noise input signal will produce 
a few millivolts (mV) at most from the 
transducer. With a gain of some 600 times 
before the detector the stronger ultrasound 
sources therefore produce full audio 
output. 

Unfortunately, silicone diodes stop 
conducting much below about 600mV and 
sensitivity is lost. The diode detector is 
therefore slightly forward biased to increas- 
es the sensitivity. This is achieved by resis- 
tor R9, which injects about 80uA into the 
diode. With this setup the increase in sensi- 
tivity is quite dramatic and very weak 
sources of ultrasonic noise can be traced. 

The audio level to the output amplifier 
IC1 is controlled by potentiometer VR1. 
Although VR1 is a linear device the overall 
loudness control seems even over the track 
because of the non-linearity of the detec- 
tion system. Audio amp IC1 is set to a volt- 
age gain of 200 by capacitor C7 and it has 
sufficient power to drive the small loud- 
speaker LS1. - 


With this high gain circuit it is essential 
to remove any ripple on the supply line to 
prevent instability. The simplest way to 
achieve this is with a large electrolytic 
capacitor, C12 in this circuit. Capacitor 
C11 is a ceramic device which de-couples 
high frequency components more effective- 
ly than C12. 


MECHANICAL FILTER 


An essential component in the circuit is 
the home-made mechanical filter, which 
de-couples the ultrasonic transducer RX1 
from the instrument case. This is, in fact, a 
small circle of rubber about 6mm thick, 
which is about one wavelength. At full 
volume any distortion in the audio ampli- 
fier or the loudspeaker results in high fre- 
quency harmonics and if they reach the 








Fig.2. Full circuit diagram for the Ultrasonic Puncture Finder. 


COMPONENTS 


Resistors 
R1 1M 
R2, R3, R5, 

R6,R8 4k7 

R4 100k 
R7 1k 
RQ 100k 
R10 102 

All surface mount (SMD), case size 1206 


Potentiometer 
VR1 10k ceramic knob pot, 
see text 


See 


SHOP 
TALK 
page 


Capacitor 
C1, C2 1n5 ceramic chip, 
size 1206 

C3 2u2 tantalum 10V 

C4 10p ceramic chip, 

size 1206 

2n2 ceramic chip, 
size 1206 

22n ceramic chip, 
size 1206 

10uF tantalum 10V 

47u tantalum 16V 

100n ceramic chip, 
size 1206 

47n ceramic chip, 
size 206 

470n ceramic chip, 
size 1206 


Everyday Practical Electronics/ETI, August 1999 





y Vo) o}do) Gam Orel t 
Guidance Only 


74 


C12 1000u aluminium radial 
elect. 16V 
All SMDs, except C12 


Semiconductor 

D1 BAS32 signal diode, 
SMD SOD80 case 

TR1 BSR58 low-noise 
n-channel f.e.t., SMD 
SOT23 case 

TR2, TR3_ + BCX70H low-noise npn 
transistor, SMD SOT23 
case 

IC1 LM386 audio power amp., 
SMD SO8 case 


Miscellaneous 

RX1 40kHz ultrasonic 
transducer (receiver 
type R40-16) 

S1 miniature on/off toggle 
switch 

LS1 8 ohm 49mm dia. Mylar 
loudspeaker 


Printed circuit board available from the 
EPE PCB Service, code 236; small plastic 
case, size 111mm x 57mm x 22mm; fine 
connecting wire (see text); PP3 battery 
and snap connector; foam rubber disc 
(mechanical filter — see text); solder etc. 
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The anchoring end can be re-soldered if 
required. 

A suggested method of construction is to 
place all the resistors and then the capaci- 
tors, finishing off with the transistors and 
finally IC1. Ceramic chip capacitors are 
delicate and require the smallest amount of 
. solder and the shortest heat duration. 

: In severe cases the contacts can 
become detached but this is an indica- 
, tion of excessive stress and only 
| occurs with heavy reworking during 
» fault finding. More problematic per- 
| haps is part detachment of the nick- 
el contact or cracking of the 
ceramic where the fault may 
not be seen. It is essential 
that the tantalum capac- 
itors and the diode 































trans- 
ducer they 
produce a bad case of 
“howl-round”. 

The quiescent current drawn by the 
complete circuit is less than 9mA and this 
peaks to about 65mA at full volume. The 
prototype worked with no performance 
change down to 7:5V but went on working 
down to 6V with loss of volume. An alka- 
line PP3 battery is therefore well suited to 
power the puncture finder for intermittent 
use. 


SURFACE MOUNTING 


This is a surface mount project and con- 
struction will involve working with some 
pretty small devices. The “chip” compo- 
nents specified are the most suitable for 
hand soldering but they are not the smallest 
SMDs available. The only requirements for 
population are a fine soldering iron of the 
type used for normal leaded components 
and a pair of tweezers. 

Although an SM circuit can be con- 
structed by the simple method described 
below, several specialized techniques have 
been developed for hand working. It is 
important to improve SM skills especially 
for more complex circuits where reliability 
can be improved by more appropriate 
soldering methods. 

Non-magnetic or demagnetized tweezers 
are required for handling SM chip compo- 
nents as their contacts contain nickel and 
they are magnetic. Because they are so 
small and light they will stick to magne- 
tised tweezers making accurate placement 
very tedious. 


CONSTRUCTION 


The component layout (twice-size) on 
the small surface mount printed circuit 
board (p.c.b.), together with the full-size 
copper foil master, is shown in Fig.3. Here 
the components are mounted directly on 
the copper pads; no holes drilled in the 
p.c.b. This board is available from the EPE 
PCB Service, code 236. 

The simplest method of soldering an 
SM device is to hold it on the circuit 
board pads with the tweezers and solder 
one end with a little solder carried on the 
iron. Having fixed one end the second 
end, or the remaining contacts in the case 
of active devices, can be soldered by the 
more reliable method of applying the iron 
and solder to the joint at the same time. 


are wired the right 
way around. (For more 
information on SM 
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construction see the author’s web site at: 
www.billsSMD.mcmail.com.) 


IN THE BOX 


All the elements fit easily into a standard 
111mm by 57mm plastic project box. The 
layout is not critical except for two points. 

The loudspeaker and ultrasonic transducer 
must be as far apart as possible and orientat- 
ed at right angles to each other. The suggest- 
ed layout should be followed in this respect. 

Secondly, the ultrasonic transducer RX1 
must be mechanically isolated from the 
case and hence the loudspeaker. This is 
simply achieved by using a small disc of 
non-conductive foam rubber to mount the 
transducer as shown. A thin layer of adhe- 
sive such as Evostick holds the sandwich 
together. 


ES 





Completed surface mount p.c.b. Note components are 


mounted directly on the copper pads. 


TR2 AND TR3 
TOP VIEW 


TR1 TOP 
VIEW 


Fig.3. Layout of components on a twice-size surface mount printed circuit board and 
full size copper foil master pattern. The transistor and diode pinouts are also included. 





Fig.4. Positioning of components inside the small handheld case. Keep the ultra- 
sonic transducer and loudspeaker as far apart as possible. 
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The foam disc should be as soft as possi- 
ble, a rubber gasket material about 6mm 
thick was used for the prototype. Another 
source of this type of soft foam is the back- 
ing from computer mouse mats. 

A small piece of the same foam should 
be placed over the on/off switch contacts to 
isolate it from the metal base of the battery. 
Make certain that the foam is not conduc- 
tive. The position of the various compo- 
nents in the case is shown in Fig.4. 

The small loudspeaker is held in place by 
a thin layer of glue on the magnet. The 
speaker type suggested is an exact fit in the 
prototype case, see photographs. A speaker 
grille will need to be fashioned from a 
series of holes in the box lid. The prototype 
sound outlet consisted of eight equally 
spaced 6mm holes and a central 8mm hole. 

A “knobpot” is suggested for the volume 
control VR1. These are expensive but made 
to a very high standard and take up very lit- 
tle space inside the box. 

The populated circuit board is also glued 
in place and does not therefore require any 
holes to be drilled. The decoupling capaci- 
tor C12 is adequately supported by its own 
leads. 


WIRING-UP 


The connecting wires to the Volume 
control, loudspeaker and transducer is a 
fine, 0-8mm dia., and multistrand (7/0-1) 
flexible wire rescued from a section of 25- 
way computer cable. This type of wire is 
ideal for surface mount projects where a 
flexible connection is required. The inter- 
wiring details are shown in Fig.4. 

The ultrasonic transducer specified 
comes with a metal cut-out grille or a wire 
mesh guarding the sensing element, the 
wire mesh type is marginally more suitable 
for this application. Finally, it is worth dec- 
orating the finished device with some 
labels at least marking the on/off switch 
positions. Suitable labels can be designed 
easily with a computer drawing package. 


TESTING 


If all is well, the Ultrasonic Puncture 
Finder should work right from switch on as 
there are no adjustments to be made to the 
circuit. But it is best to carry out a few spot 
checks before applying power and putting 
the lid on the box. 


The most obvious items to check are the 
polarity of the electrolytic capacitors and 
the diodes. Surface mount transistors can 
come with a lead-out “joggle” especially 
the f.e.t. but the drawing shown is by far the 
most popular. If the device cannot be 
coaxed to work it may be worth just check- 
ing the transistor pins in the usual way, but 
this really is a last resort. 

Reduce the volume to minimum and 
measure the quiescent current. If this is 
about 9mA it is very likely that the circuit 
is working correctly. 

Finally, increase the volume and see if you 
can track down some ultrasound. A low hiss 
from the loudspeaker is a good indication. 


SOUND SOURCE 


There are many sources, which can be 
used as a test signal. A portable and very 
useful ultrasonic noise generator is your 
thumb and forefinger, just rub them togeth- 
er in front of the transducer. This source 
should be detectable at well over a metre 
distance from the transducer, depending on 
the dryness of the skin. Other sources 
include expanded polystyrene and running 
computers. 

If the foam filter is doing its job there 
should be no feedback instability at full 
volume. It is possible to induce feedback as 
a test of sensitivity by reflection of the 
speaker output back to the input using your 
hands or a flat surface as a sound reflector. 
Other fun ideas will no doubt arise. 

Finally, it is simple to demonstrate that 


_ this circuit is working as a straight receiver 


by connecting a few feet of wire to the 
“hot”’ side of the transducer. Random radio 
noises and the odd a.m. radio station should 
emerge from the speaker. 


OPERATION 


To find a puncture the offending inner- 
tube must be fully inflated so as to maxi- 
mize the air flow and increase the chances 
of turbulence. It is also useful to examine 
the tyre before the tube is removed as this 
way the nail or thorn can often be found 
and the approximate location of the hole 
determined. 

The puncture finder can be a help with 
this also. Slowly rotate the wheel keeping 
the detector a couple of centimeters from 
the tyre until the air exit is detected as a 
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noise from the speaker. In most cases there 
will be some slight movement between the 
tube and tyre so that the air escapes ran- 
domly from around the rim. 


TEST TUBE 


Sometimes the leak can be detected in 
this way but it may not be a good guide to 
the actual puncture location. The tube must 
be removed eventually so there is little 
point in spending too much time looking 
for the leak beforehand. 

Having removed the tube and made sure 
that it is as fully inflated as possible run the 
detector around the outer edge first. This is 
where the hole is most likely to be located. 
Keep the transducer as close as possible to 
the rubber surface. If this is not successful 
then run a check around each side in turn. 
The three tests on the tube will take only 
about a minute to complete. 

If there is still no success then the action 
needs to be repeated but at a much slower 
and more methodical pace, taking care to 
cover the complete tube surface. Stretching 
the tube slighly can often open a small hole 
releasing sufficient air to be detected. 

Keeping the transducer close to the tube 
is also helpful as a small air-flow hitting the 
grille can induce detectable turbulence, 
particularly with the wire mesh covered 
variety of transducer. Keeping the tube well 
inflated will also improve the chances of 
turbulent flow from the leak. 

If there is still no leak at this stage you 
may have to resort to the dreaded water test 
or carry a pump because it is obviously a 
very slow puncture. BR 
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New Technology 
Update 





cathode ray tube (c.r.t.) is the most 
widely used type of display today. 
However, as a result of the enormous mar- 
ket and potential, development is progress- 
ing in alternative display technologies. 

A company named Printable Field 
Emitters Ltd (PFE) is undertaking one 
interesting development in the UK. Using 
the field emission display (f.e.d.) they have 
made some significant developments that 
will enable this technology to be widely 
used and possibly replace the c.r.t. in the 
near future. 


It is worth summarising the principle 
behind field emission displays. They can 
be considered as an integrated circuit 
equivalent of the c.r.t. They consist of an 
array of field emission electron sources 
with a screen spaced a very short distance 
away, and having a corresponding array of 
phosphor dots. 

The space between the electron sources 
and the screen is evacuated. Voltages are 
applied to the control electrodes to extract 
the electrons from the cathodes and inject 
them into a region where they can be accel- 
erated by the voltage on the anode. The 
electrons attain sufficient velocity such 
that when they strike the phosphor dots on 
the screen, they cause light to be emitted. 

One of the most important areas where 
the f.e.d. requires development is associat- 
ed with the cathode plane and its array of 
electron sources. 

The traditional approach for the emitters 
is to use arrays of microtips fabricated 
using semiconductor manufacturing tech- 


_ niques. Several companies offer displays 


manufactured using this approach. 
However, as the techniques involved are 
close to the limits of semiconductor manu- 
facturing processes, these displays are 
expensive, their size is limited and yields 
are poor. Although the ultimate aim is to 
make television sized screens, this is 
unlikely to be achieved using the technolo- 
gy in its current form. 


One idea that is still under development 
is to use an idea based on broad area field 
emitters. These materials allow electrons 
to be emitted at low potentials. The first 
materials that were developed for this 


application used thin film diamond, or dia- 


mond-like carbon. 

Using this technology the sharp points 
required for the basic f.e.d. were no longer 
required. As a result the lithography 
required is much easier, as feature sizes 
range between 4 and 10 microns instead of 
less than a micron for the basic f.e.d. 
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Development of field emission display techniques may 
Challenge the role of c.r.t.s. reports lan Poole. 


designs. Unfortunately development of this 
has been problematic because the econom- 
ic deposition of the emitter films that give 
the required properties on glass has not yet 
been possible. 


New Solution 

PFE, based in the UK, has demonstrated 
a generic class of broad area field emitting 
materials that are much cheaper to deposit 
than anything previously seen. They also 
have the advantage that they can be used 
on large scale displays that would be suit- 
able for televisions or computer monitors. 
This results from the fact that the process 
uses an ink-like material to form the emit- 
ters. These can be patterned using printing 
techniques rather than semiconductor fab- 
rication methods that are far more expen- 
sive to implement. 

The idea for the technique arose from 
work undertaken at Birmingham 
University. Whilst searching for a solution 
to the problem of flashover in vacuum 
devices, it was noticed that electrons were 
emitted in greater quantities around areas 
where there were impurities in the surface 
material. The team at PFE investigated the 
effect with a view to using it for field emis- 
sion displays. 

The company undertook a considerable 
amount of work to perfect the idea for use. 
Both the materials and the dimensions had 
to be optimised to give the results required. 
The particles that are used are very small, 
measuring only Angstroms in diameter. 
They are also clustered together to provide 
one broad area emitter site. 

The work at PFE is progressing towards 
making the cathode material into a form of 
ink that can be printed onto a metal-coated 
substrate. It will then be fired to make a 
stable cathode plane. 


Single exposure self masking 
system for emitter 


The principle has now been demonstrat- 
ed using three pixels, red, blue and green, 
each 2 mm x 2 mm. The standard industry 
phosphors of yttrium oxysulphide, zinc 
oxide, and zinc sulphide were used to give 
the three colours and anode voltages of 
7:5kV were used. Subjectively, the results 
proved that the new f.e.d. would be as 
bright as an existing television screen. 


When these f.e.d.s are manufactured, 
they will need to use three electron guns 
together to enable the colours for each 
pixel to be activated separately. This can be 
likened to a miniature electron gun, each 
one comprising of a focus grid and gate. In 
this way they form an electron lens that 
keeps the beam parallel and in a form that 
can be accelerated towards the screen and 
the phosphors. 

It is anticipated that the display should 
be considerably less than 1cm thick. This 
should enable the depth of televisions and 
computer monitors to be reduced by a con- 
siderable degree. The operating voltages 
are expected to be around 5kV for the 
anode and less than 40 volts for the cath- 
ode. 

This will simplify the power supply 
requirements when compared to a c.r.t. dis- 
play, although they are higher than those 
required for other types such as an l.c.d. 
Even so, the performance and cost of the 
f.e.d. meets the requirements for a high 
volume, high performance and low cost 
display more closely than any other 
technology. 

Once this latest development has been 
implemented in a form suitable for produc- 
tion, the new displays should quickly be 
seen on the market. Further information is 
available via E-mail from: 


Chemically deposited 
gate electrode 


cells ~ 100 per pixel 


Printing or PCB resolution 
lithography for tracks 


For a large FED 


- Track dimensions ~ 100s of microns wide 
~ Emitter cells less than 10 microns diameter 
with the exact size depending on control voltage 





Low cost gate insulator 


PFE emitter layer 


Chemically deposited cathode 
and cathode shadow gnd tracks 


Fig.1. Schematic representation of the construction of an f.e.d. 
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Simulation Circuit Capture 
PCB Autorouting CADCAM 


Imagine an electronics design system that lets you draw 
schematics onto the screen and then simulate them at the 
touch of a button. Now imagine pressing another button 
and seeing the schematic replaced with a PCB rats-nest. 
Pressing another button starts the autorouter, and finally 
you can click on File then Save As to create a complete 
set of CADCAM files. 


QUICKROUTE 


Too easy? We hope so. Quickroute has always been 
designed first and foremost to be easy to use. That’s why 
simulation, circuit capture, PCB autorouting and 
CADCAM support are all integrated into one package, 

So that you only have to learn one package. 


But it doesn’t end there. We have included a wide range 
of features in Quickroute to help you work effectively. 
For example our Gerber import facility lets you check 
your CADCAM files before sending them to your 
manufacturer. 


We have also introduced a major new PLUGIN module 
called the SymbolWizard that actually creates custom 
symbol designs for you. Simply select a template, specify 
pad and spacing properties and SymbolWizard creates 
the schematic and PCB symbols for you! 


If you would like to find out more about Quickroute, 
why not call us on FREEphone 0800 731 28 24, or visit 
our web site on www.quickroute.co.uk. Prices start at 
under £100 including UK P&P and VAT for a complete 
system. 


"modern, powerful 
and easy to use" 
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FREEphone 


0800 731 28 24 


Int +44 161 476 0202 Fax 0161 476 0505 
Web www.quickroute.co.uk TEP 
ECC | 

ENHANCEMENT 


30 DAY MONEY BACK GUARANTEE 





Copyright (c) 1998 Quickroute Systems Ltd Regent House Heaton Lane Stockport SK4 1BS UK 























PROTEUS 


Including ~NEW SIMULATOR 


SPICE 3F5 


® Berkeley SPICE3F5 analogue simulation kernel. 

\ Ma daelcmanib<clomanvole(cmiianle|r-li(elap 

®@ New analysis types include multi-plot sweeps, transfer 
elu avct-mumeitcj (eai(eaure/alemiaalel-(er=|ale.om e)(@ te 

® Active Components: Switches, Pots etc. 

® Over 1000 new library parts with SPICE models. 

® Greater ease of use. 


wr; ote) at-ir- alt 


high level 
of capability «., oughout” 


EWW CAD Review Round Up September 1998 









PRS AKES for Windows Camtr?> 
File Quiput Display Edit Tools System Help 


Schematic Capture 


® Produces attractive schematics like in the magazines. 
® Netlist, Parts List & ERC reports. 

® Hierarchical Design. 

® Full support for buses including bus pins. 

@® Extensive component/model libraries. 

® Advanced Property Management. 

® Seamless integration with simulation and PCB design. 












fi |Componert Side =] Selects current layer. 





L nvele)aatc|i(em Ore )aa]ele)alclalaeare(clasiciale 
® Rip-Up & Retry Autorouter with tidy pass. 
® Pinswap/Gateswap Optimizer & Back-Annotation. 


“the CV moli male lamcct-ve)lUitelamel-ltleret-icy 
B EST 1 zh @® Full DRC and Connectivity Checking. 
2 ali-roun @ Shape based gridless power planes. 


PROG RAN” ® Gerber and DXF Import capability. 


EWW CAD Review Round Up September 1998 Available in 5 levels - prices from £295 to £1625 + VAT. 
Call now for further information & upgrade prices. 





Write, phone or fax for your free demo disk, or ask about our full evaluation kit. 


a . Tel: 01756 753440, Fax: 01756 752857. EMAIL: infto@labcenter.co.uk 
qa . OC a — fe 53-55 Main St, Grassington. BD23 5AA. WWW: http://www.labcenter.co.uk 


: i Fully interactive demo versions available for download from our WWW site. 
Ber: @e ef fF: oO Nn. i.e -s Call for educational, multi-user and dealer pricing - new dealers always wanted. 
: | ey ™ Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged. 
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A roundup of the latest Everyday 


News from the world of 


electronics 








Help is at hand for users of Wireless Internet Receivers. 


ADGET enthusiasts who wonder why 

they bought a wireless Internet 
receiver, small enough to fit in their 
pocket but with a screen too tiny to read, 
can take heart. British company Argo, 
backed by venture capital from 31, has 
developed a system which converts 
Internet data into legible form. At the 
same time the system, called ActiGate, 
decimates the volume of data and so 
accelerates downloading by sluggish 
cellphone data links. 

The new breed of “thin client’ personal 
digital assistants (PDA), from Psion, 
3Com and Nokia, either connect to a GSM 
cellphone or have cellphone circuitry built- 
in. So they can send and receive E-mail 
and access the Internet. But web pages are 
written in HyperText Markup Language, 
and designed for display on large colour 
monitors. They contain fine text and 
graphics detail which is lost on a small, 
black and white I.c.d. screen. 

Even small graphic images need at least 
one kilobyte, and some pages embed sev- 
eral dozen. A page that takes 30 seconds to 
download into a PC with a fast telephone 
modem, takes five minutes by digital cell- 
phone because GSM data speed is limited 
to 9-6Kbps. 


HDML Protocol 


Rival industry groups are currently pro- 
moting two incompatible — solutions. 
Unwired Planet of California, with Alcatel, 
propose a new page format called Handheld 
Device Markup Language. The Wireless 
Application Protocol Forum, which 
includes Nokia, Ericsson and Motorola, are 
backing the WAP format. Both formats 
deliver Web content in a form suitable for 
display on a PDA, but all the world’s web 
sites must re-design their pages. 

Argo’s ActiGate avoids the need to re- 
write pages. It sits on a proxy server, auto- 
matically analysing each HTML web page 
that passes through and re-formatting it to 
remove clutter. 

ActiGate removes Java scripts and 
graphics inserts, using the raw text and link 
addresses buried inside the graphics to 
generate short text messages and simple 
icons pulled from a lookup library. Text 
font sizes are increased for improved legi- 
bility. Colour is replaced by monochrome 
grey scale. 

This reduces data content, and thus 
download time and memory storage 
requirements, by a factor of ten. The dis- 
played page can be scrolled and easily read. 
Even traffic road maps become readable. 

PDA users do not have to do anything, 
except access the Internet through the 
proxy server. The server recognises each 





Barry Fox reports. 


PDA by the responses which are 
automatically sent by all browser software, 
and then tailors its output format to suit the 
PDA and whatever browser it is using. 
Says Argo’s Chief Technical Officer, 


HCS412. 


and radio frequency to the vehicle. 


CODE HOPPER 


FEATURING high on Arizona Microchip’s product line is their KEELOQ family 
of code hopping encoders. Microchip, as you must well know, are the manu- 
facturers of the PIC microcontroller family. 

Whilst EPE has not yet published any designs based on KEELOQ devices, 
we know that Microchip are keen that readers should get to know about them 
(perhaps an enterprising designer might care to offer us a project using them). 
The latest information received concerns the addition to the family of the 


The encoder function of the HCS412 can remotely lock and unlock a car 
door, garage or estate gate using radio frequency. The device provides the 
necessary control signals to interface directly to popular FSK and ASK phase 
locked loops. It also incorporates a sensitive passive-entry function which 
allows vehicle entry without activating the remote control or inserting the key. 
This feature uses low-frequency bi-directional communication to the keyfob 


If you would like to know more about KEELOQ devices, contact Arizona 
Microchip Technology Ltd., Microchip House, 505 Eskdale Road, Winnersh 
Triangle, Wokingham, Berks RG41 5TU. Tel: 0118 921 5858. Fax: 0118 921 
5835. Web: http://www.microchip.com. 


Richard Jelbert “We can convert 90 per 
cent of the content of 90 per cent of the 
pages on the Internet, which is a lot more 
realistic than trying to persuade 100 
million sites to rewrite all their pages”’. 























GIGAHERTZ BARRIER BROKEN 


BROWSING Intel’s web site revealed that 
the 1GHz (one billion cycles per second) 
microprocessor clock speed barrier has 
been broken. In a demonstration, Intel used 
a Pentium III processor and special cooling 
techniques to “wind-up” the clock speed 
to just beyond the 1GHz mark. 

“This is a milestone event,” said Albert 
Yu, Senior Vice President and General 
Manager of the Intel Microprocessor 
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Products Group. “We will continue to 
push the frontier of technologies that will 
deliver processors with superior levels of 
performance.” 

Intel expects to introduce commercial 
production of processors operating at 
1GHz in the year 2000. 

Intel’s web site can be found at 
http://www.intel.com (access the Press- 
room for the 1GHz information). 
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VIDEO WARS II 


Two old enemies are at it again, in a re-run of the VHS-v-Betamax, 
Matsushita-v-Sony, video wars. Barry Fox reports. 


i Japan, Sony is now selling Super 
Audio CD, the first super hi-fi system to 
use a variant of DVD, the high density 
video disc. Philips will help Sony launch 
SA-CD in the US and Europe before the 
end of the year. Matsushita, maker of 
Technics and Panasonic equipment, 
announced recently that it will launch the 
rival and incompatible DVD Audio sys- 
tem, worldwide, before Christmas. 
Neither company has been willing to back 
down, or agree on a combination system. 

Matsushita has already fired two shots. 
Sony’s first SA-CD player costs $5000 and 
only delivers stereo, but DVD-Audio will 
give multichannel surround from Day One. 
Matsushita also believes there is a fatal flaw 
in the hybrid disc technology that Sony and 
Philips have dubbed a “defining attribute” 
of SA-CD because it promises backwards 
compatibility with the 600 million “legacy” 
CD players already sold. 


Layered Music 

The SA-CD hybrid disc will have two 
recordings of the same music, at different 
depths in the surface. The lower layer, 
beneath 1-2mm of clear plastic, carries a 
conventional CD recording to the so- 
called Red Book Standard. Another layer, 
at 0-6mm, conforms to the new Scarlet 
Book standard and is made of semi-reflec- 
tive material like a two-way mirror. This 
layer carries the very rapid stream of sin- 
gle bits that makes up the Direct Stream 
Digital recording used for SA-CD. 

The laser optics in a standard CD player 
or ROM drive routinely focus at 1.2mm, 
and should ignore the semi-reflective layer 
of a hybrid disc. A DVD Video player can 
focus at either depth, but is not equipped 
to decode the SA-CD recording so it 
should ignore the semi-reflective layer, 
focus down to 1.2mm, and play the disc as 
a conventional music CD. 

At a recent seminar in Austria, 
Matsushita’s engineers hardened concerns 
that earlier surfaced at the Audio 
Engineering Society’s convention in 
Munich. They warn that if the laser in a CD 
player detects the semi-reflective layer, 
either because the player is cheap or old, or 
new and designed to read erasable CDs 
which have lower reflectivity, the player will 
reject the disc as unplayable. DVD players 
may not switch to the lower CD layer when 
they fail to decode the DSD signal. 


Hybrid Concerns 

Ted Abe, head of Matsushita’s Audio 
Technology Group, is not surprised that 
Sony is launching SA-CD in Japan with- 
out hybrid discs. His engineers have made 
hybrid discs and tested them on a wide 
range of real world players. The engineers 
found that many CD players, from the 
countless firms round the world now mak- 
ing them, do not exactly meet the Red 
Book standard. 

“We have very serious concerns about 
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backward compatibility of hybrid discs” 
says Abe. “Our tests suggest that 30 per 
cent of legacy players will not be able to 
play them. It’s impossible to predict which 
ones will reject hybrids and it’s impossible 
to do anything about it when they do fail. 
We stopped research on hybrid discs and 
said No Way.” 

David Walstra, General Manager of 
Sony Europe, accepts that it is unfortunate 
that Sony’s own music division is not 
releasing hybrids, but he believes other 
companies soon will. “We are 100 per cent 
certain that hybrid discs will play on play- 
ers if they conform to the Red Book CD 
standard. We have checked our own DVD 
players and they play hybrid discs. We 
can’t speak for other manufacturers’’. 

Payl Reynolds, Philips’ director of new 
business development, says the company 
is now starting pilot production of hybrid 
discs at Eindhoven in the Netherlands to 
“perfect the technology”’. 


RAC TRACKSTAR 


THE RAC and Trafficmaster have 
added their weight to the battle to 
reduce fatal accidents involving high 
speed pursuits. They have launched 
Trackstar, which is a radically new and 
innovative vehicle security device 
which uses satellite tracking to provide 
the updated location of a stolen vehicle 
anywhere in the UK. Around 400,000 
vehicles were stolen in the UK in 
1998. 

The device combines GPS satellite 
tracking with GSM mobile phone net- 
work to provide instant communica- 
tions when the unit is activated. Once 
triggered, RAC Trackstar’s central 
control is alerted to the vehicle’s exact 
position and direction of travel. The 
vehicle is then constantly tracked and, 
after a number of quick security 
checks, the appropriate police force is 
notified. Once apprehended and 
cleared for release, the RAC returns 
the stolen vehicle to its owner. 

RAC Trackstar also offers immedi- 
ate connection to emergency or 
breakdown services and provides call 
operators with details of the vehicle 
and its pinpoint location. Meanwhile a 
voice channel is automatically opened 
for the call operator to speak directly 
to the caller. 

RAC Trackstar prices start from 
£295 plus VAT for the hardware, with 
a tracking subscription of £8 plus VAT 
per month. 

For further information contact your 
local RAC centre, or the RAC 
Supercentre, PO Box 700, Bristol 
BS99 1RB. Tel: 01454 208262. Fax: 
01454 208267. (No E-mail or Web 
details quoted.) 


FM 1-394GHz 
TRANSDUCERS 


WITH the interest that currently surrounds 
our projects using the 418MHz transmitter 
and receiver pairs, a lot of you will no doubt 
be pleased to hear that radio modules that 
operate in the 1-394GHz range are newly 
available from Wood and Douglas. 

Their VT1400 and VR1400 transducers 
provide a high-quality yet economical FM 
wireless video link. Intended primarily for 
use with remote security and surveillance 
cameras, the devices are approved to the 
MPT1349 standard, which allows licence- 
free operation in the UK. New techniques 
have been implemented to permit trans- 
mission of colour pictures in the limited 
bandwidth allowed by MPT1349. 

The VT1400 transmitter has an r.f. output 
power of 500mW and operates from a 12V 
d.c. supply. Its signal can be received clear- 
ly at a range of up to five miles (8km) using 
the VR1400 receiver and suitable aerials. 

For more information, contact Wood and 
Douglas Ltd., Dept EPE, Lattice House, 
Baughurst Road, Baughurst, Tadley, Hants 
RG26 5LP. Tel: 0118 981 1444. Fax: 0118 
981 1567. 

Email:info@ woodanddouglas.co.uk. 
Web: http://www.woodanddouglas.co.uk. 


Filter Circuits 
Book 


Designing satisfactory filter circuits is a 
bit of a “black-art”’ unless you are well 
familiar with the options and their rules. 
Butterworth-Heinemann have addressed 
this problem by introducing a very useful 
240-page paperback, Simplified Design of 
Filter Circuits, ISBN O 7506 9655 9, 
priced at £22.50. 

John D. Lenk is the author, an estab- 
lished writer of international best-sellers 
in the field of electronics. He has authored 
more than 80 books, which together have 
sold well over two million copies in nine 
languages. 

This latest book is a step-by-step guide 
to designing filters using off-the-shelf 
i.c.s. It starts with the operating principles 
of filters and common applications, then 
moves on to describe how to design cir- 
cuits using modern chips. The emphasis is 
on practical, simplified approaches to 
solving design problems. 

The contents include: Introduction; typi- 
cal switch-capacitor filters; lowpass fil- 
ters; bandpass filters; active RC filters; 
simplified design examples. 

For more information, ask your local 
good bookseller, or contact Butterworth- 
Heinemann, Linacre House, Jordan Hill, 
Oxford OX2 8DP. Tel: 01865 310366. 
Fax: 01865 310898. 

E-mail: bhmarketing@repp.co.uk. 
Web: http://www.bh.com. 
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LASCAR Electronics has added a new miniature power supply to its existing 
(and excellent) low cost linear PSU range. The new PSU303 is a compact “open” 
mains power module featuring +5V (200mA) and —5V (50mA) fixed rails. It uses 
linear regulator i.c.s with over-current and over-temperature protection. 

Like all products in the Lascar range, the PSU303 uses an encapsulated 
transformer and screw terminal connections. With an overall size of 42mm x 
78mm x 29:6mm, this PSU is well suited to compact applications. 

For more information, contact Lascar Electronics Ltd., Dept EPE, Module 
House, Whiteparish, Salisbury, Wilts SP5 2SJ. Tel: 01794 884567. Fax: 
01794 884616. E-Mail: lascar@netcomuk.co.uk. Web: lascar http://www.las- 
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Taking the Move out of Movies 


An off-shoot of space research could help improve 
your shaky home videos. By Barry Fox. 


SCIENTISTS working for NASA’s Space 
Flight Centre have developed a system that 
improves poorly shot video tapes. Video 
Image Stabilization and _ Registration 
removes handshake and unwanted zoom and 
tilt motion, while making fuzzy pictures look 
sharp. VISAR works by dissecting each 
image in a motion sequence and rebuilding 
them in a constant position and size. 

David Hathaway and Paul Meyer were 
working for the FBI, trying to clean up a 
shaky 13 second video tape of the bomb 
which exploded at night during the 1996 
Olympic Games in Atlanta. They broke each 
of the 400 picture frames down into several 
hundred thousand component picture points 
or pixels, isolated rectangular patches which 
had constant pixel patterns, and summed the 
patterns from several different frames. This 
reinforced the wanted image, while reduc- 
ing random noise. At the same time the 
whole image was moved to keep the target 
pattern at a fixed position on screen, and so 
remove the effect of handheld camera shake. 

NASA has now refined the technique to 
keep the patterns of constant size as well as 
position. This corrects for accidental zoom- 
ing, where a photographer has pressed the 
wrong button to move between wide angle 
and telephoto imaging, or tilted the camera 
by mistake. 

NASA is offering VISAR to the police, 
who can use it to recognise licence plate 
numbers or faces in a crowd accidentally 
captured on home video footage. VISAR 
can also sharpen medical ultrasound scans 
or calculate tornado wind speeds by 
tracking objects trapped in a twister. 


The prototype system works on a 
Windows PC, taking around 15 seconds to 
analyse each frame. 

“As computer speeds increase, the pro- 
cessing time comes down’, says Meyer. 
“We are aiming for real time processing so 
that VISAR can be built into home videos”’. 

Although some modern camcorders have 
stabilisation circuitry, it works while shoot- 
ing by comparing successive image scans 
and compensating for exaggerated shake. 
There is no chance to correct errors once the 
tape has been shot. Photographers can use 
VISAR at leisure after shooting. 


UK Space 
Programme 


A pioneering space programme to study 
the Earth’s environment has recently been 
announced by Lord Sainsbury, Minister 
for Science and Chairman of the European 
Space Agency’s (ESA) Ministerial 
Council. The £400m research project, 
known as the Living Planet, will be under- 
taken by ESA and will be the most com- 
prehensive Earth observation programme 
ever undertaken. 

It will consist of a series of space mis- 
sions designed to investigate the Earth’s 
environment, using unique global mea- 
surements of physical, chemical and bio- 
logical processes at work in the Earth’s 
atmosphere, oceans and land surfaces. 

More details are on web _ site: 
http://www.dti.gov.uk. 
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ELECTRONICS 
COURSE ON CD 


ELECTRONICS Technician CBT has 
been introduced on CD-ROM as an inter- 
active computer-based training program 
that makes it easy to gain an in-depth 
working knowledge of the fundamentals 
of electronics. It incorporates 23 instruc- 
tional modules with more than 15 hours of 
audio material, animated circuits and 
interactive video examples. 

Over 1500 practice problems, exercises 
and examples provide students with 
opportunities to explore circuit function 
and behaviour. Practical challenging 
design exercises encourage you to apply 
what you have learned to new situations. 

This new training program is produced 
by the makers of Electronics Workbench, 
which many of you will recall is the excel- 
lent electronics training package we used 
to illustrate our Electronics from the 
Ground Up series of 1994/95. With 
Electronics Workbench installed alongside 
this new course,, students have access to 
over 450 experiments that let them manip- 
ulate and simulate circuits in their own vir- 
tual electronics laboratory. 

Electronics Technician CBT and 
Electronics Workbench are supplied and 
supported in the UK by Adept Scientific 
plc, 6 Business Centre West, Avenue One, 
Letchworth, Herts SG6 2HB. Tel: 01462 
480055. Fax: 01462 480213. 

E-mail: ewb@adeptscience.co.uk. 
Web: http://www.adeptscience.co.uk. 


Byte-sized Computer Guides 
“FED UP with computer manuals which are 
almost the size of your terminal?” asks the 
opening sentence of a press release from 
Collins. Well, for those who are looking for 
a pocket book which will get down to the 
computing basics without leaving out essen- 
tials, Collins believe they have the answer, in 
the form of four new colour-illustrated 
guides. They are said to be small enough to 
fit in your pocket but packed full of informa- 
tion in a readily accessible form. “Ideal for 
even the most wary of technophobes!” 

Collins Gem — Internet provides an 
overview of the Internet and what it can do 
for you, with a wealth of practical informa- 
tion, ideas and pointers to help you make the 
most of E-mail and the Web. 

Collins Gem — Your PC aims to help you 
make the right decisions about what to buy 
and where to buy it, and to make sense of the 
technical jargon that will confront you, from 
CPUs and modems to DAT drives and 
scanners. 

Collins Gem — Using Your Software 
demonstrates how to organise your comput- 
er and its software to keep the system run- 
ning efficiently and reliably. 

Collins Gem — Word Processing includes 
information on: saving, closing, opening and 
printing documents; setting up envelopes 
and labels; tables, sorting text and mail 
merges; fonts, styles, columns and sections; 
inserting pictures and creating artwork. 

[he books are £4.99 each and available 
through good booksellers (ISBN codes have 
not been supplied to us). Further information 
can be obtained by — E-mail: 
elizabeth.allen@harpercollins.co.uk. 

Web: http://www.collins.gem.com. 
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Constructional Project 


MAGNETIC FIELD 
DETECTIVE 





ANDY FLIND 


Can even detect moving magnets at five 
metres through brick walls! 


PICker project, it was felt that con- 
structors wishing to experiment fur- 
ther with this type of device might wel- 
come a simple method of indicating the rel- 
ative strength of magnetic fields produced. 
Magnetic field sensors are not new to the 
pages of EPE but most of those published 
recently were intended to indicate the pres- 
ence of alternating fields emanating from 
50Hz a.c. mains operated appliances which 
have relatively high levels and frequencies. 
The tiny, low frequency fields produced 
by the EPE Mood PICker and its predeces- 
sor the EPE Mood Changer (June ’98) are 
harder to detect, and in fact it is necessary 
to place the Mood PICker practically in 
physical contact with the author’s Magnetic 
Field Detector (Jan ’95) to obtain an indi- 
cation. This makes it impractical to gain 
any idea of relative field strength from var- 
ious designs in terms of range for a given 
level of indication. 


WHAT SENSOR? 


When designing an instrument capable 
of detecting the output of devices like the 
Mood PICker the first consideration is 
which type of sensor should be used to 
actually detect the field. The obvious type 
is an inductive device such as a coil. The 
disadvantage of coils is that they respond 
not to the absolute strength of the sur- 
rounding magnetic field, but to its rate of 
change, making them relatively insensitive 
to very low frequency fields. 

An additional difficulty encountered 
with the Mood PICker and Mood Changer 
is that their outputs are synthesised and 
therefore change in a series of small 
discrete steps. This results in the corre- 
sponding output from an inductive sensor 
appearing as a series of spikes, and it is this 
that the original detector 
design is indicating rather 
than the actual strength of 
the field produced. 

A Hall Effect sensor 
might be more suitable as 


Pericic last month’s EPE Mood 


these produce outputs pro- 
portional to absolute field _ MAGNET — 
strength, but most are IX 


relatively insensitive. One of 
the most sensitive types that 
is widely available is the 
LOHET which is relatively 
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expensive and when tried proved to be still 
insufficiently sensitive for this project. 
When sufficient circuit gain was used to 
obtain the required sensitivity the signal all 
but disappeared into background noise 
from the device. 


FLUXGATE 


A third type of sensor which can be used 
is the Fluxgate Magnetometer. These also 
measure absolute field strength, and are 
renowned for their very high sensitivity. 
Their construction used to be complex and 
difficult but a ready-built sensor of this type 
is now available at reasonable cost which 
allows experimenters to venture into the 
area of weak magnetic field detection far 
more easily. 

Two basic versions of this device are cur- 
rently available, the 
FGM-1 and the slightly 
larger and more sensi- 
tive FGM-3 (the latter 
device was used on 
PIC-Agoras — Bike 
Computer — Apr/May 
"97. Ed). Both operate 
with a modest current 
of around 12mA from a 
single +5V supply so 
they may be used in 
battery powered 
designs having simple 
regulation. 

The output from 
either is a rail-to-rail 
rectangular waveform 
with a period propor- 
tional to the polarity and strength of the 
field such that the centre frequency, found 
at lowest magnetic field intensity, is about 
60kHz. This can be processed directly by a 
microcontroller such as a PIC or it may be 
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Fig.1. Block diagram of the Magnetic Field Detective. 





converted into a voltage for use in analogue 
circuit designs. More about these tech- 
niques, perhaps, in future projects. 

For the present application, what is 
required is a simple and inexpensive circuit 
offering very high sensitivity. The more 
sensitive FGM-3 sensor is used in this 
design and, since its output is a high fre- 
quency, the simplest way to indicate small 
changes in this, with excellent sensitivity, is 
to mix it with the output of a reference 
oscillator of similar frequency, in the man- 
ner of the familiar b.f.o. (Beat Frequency 
Oscillator) metal detector. 

The resulting output doesn’t sound very 
pleasant (nor did the old b.f.o. metal detec- 
tors!), but we’re not seeking musical excel- 
lence here, just simplicity and sensitivity 
and this technique certainly delivers both. 


BLOCK DIAGRAM 


A block diagram of the project is shown 
in Fig.1, which demonstrates the principle 
with some typical frequency values. The 





output frequency of the FGM-3 varies con- 
siderably as its position changes in relation. 
to the earth’s magnetic field. 

Although it has a “feedback”’ coil which 
can be used for nulling purposes, this 
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requires current and the provision of a dual- 
rail supply so that it can be driven in either 
polarity. A much simpler way to achieve 
the same effect is to place a small magnet 
nearby and rotate it until it counteracts the 
earth’s field to achieve the required output 
frequency. This in no way degrades the 
FGM-3’s sensitivity, in fact it probably 
improves it by ensuring that it is operating 
close to the. centre of its range. 

The sensor output is first divided by two, 
which results in a perfect 50:50 duty cycle 
at a lower frequency of about 32kHz. The 
design of a suitable reference oscillator ini- 
tially presented a problem. Readers who 
have built b.f.o. metal detectors will no 
doubt recall how the output of these used to 
drift and distort as the two oscillators tend- 
ed to “pull” or lock onto each other through 
stray coupling. 


INSPIRATION 


Various simple reference oscillators tried 

with this circuit exhibited the same prob- 
lems, but then came inspiration! An oscilla- 
tor using a watch crystal operates at 
32-768kHz, which is ideal for this project. 
If this is mixed with the output from the 
sensor the magnet can be used to adjust the 
audio output frequency, resulting in simple 
tuning and rock solid stability. 
- The mixer function is carried out digital- 
ly by applying the signal to the data input 
of a flip-flop whilst clocking it with the ref- 
erence signal. The output from the flip-flop 
when the circuit is correctly tuned is a 
squarewave of audio frequency. This is 
buffered to provide sufficient power for a 
small loudspeaker. 

If the circuit is not tuned correctly, the 
output from the flip-flop may be a harmonic 
of the wanted signal which can sound rather 
similar to it. Because of some simple low- 
pass filtering, this will have a lower ampli- 
tude, but this is still not readily apparent to 
the ear so a visual tuning indicator is includ- 
ed in the form of an 1.e.d. which only lights 
when the correct tuning point is found. 

The frequencies shown in Fig.1 are fair- 
ly typical for normal operation. If the sen- 
sor frequency changes by just 100Hz, or 
less than 0-2 per cent, the output will 
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Fig.2. Complete circuit diagram for the Magnetic Field Detective. 


change by 50Hz, which is easily heard by 
the user. In practice, much smaller changes 
than this are clearly audible. 


FULL CIRCUIT 

The full circuit diagram for the Magnetic 
Field Detective is shown in Fig.2. At the left 
is the sensor, IC1, provided with a local sup- 
ply decoupling capacitor, Cl, as recom- 
mended by the manufacturer since it is con- 
nected through a short length of ribbon cable. 

The sensor output signal is applied to the 
clock input (CLK1) of one of the two flip- 
flops in IC2, a 4013B dual flip-flop. The 
QI output of this is connected to the data 
(D1) input in the classic divide-by-two 
arrangement, and the Q1 output is connect- 
ed to the D2 input of the second flip-flop. 

Op.amp IC3a operates as an oscillator 
with crystal X1 setting the frequency to 
32.768kHz. The value of 68pF used for 
capacitors C4 and C5 may seem a trifle 
high for this type of crystal but experiment 
proved it to be the best for reliable start-up 
and operation. 

Resistor R3 provides the op.amp with a 
small amount of negative feedback, and R4 
reduces drive power to the crystal to a safe 
value. The oscillator output is applied to the 
clock input (CLK2) of the second flip-flop 
of IC2 and the audio frequency is output 
from Q2. 

Low-pass filter R5 and C6 improve its 
quality a little before it is buffered by IC3b 
to drive the speaker LS1. It is possible to 
eliminate this stage and save supply current 
by connecting a piezo transducer across the 
Q2 and Q2 outputs of IC2, but readers may 
rest assured that the sound quality obtained 
in this way is truly horrible, so the use of a 
loudspeaker is heartily recommended! 

Resistor R6 sets the output volume and 
its value can be altered if required. Finally, 
a small “charge pump” using capacitors C8 
and C9 with diodes D1 and D2 is used to 
light l.e.d. D3. It will only do so when the 
amplitude of the output is high enough, and 
the attenuation of higher frequencies by R5 
and C6 ensures that this only happens over 
the correct tuning range. 

The AD8532 dual op.amp IC3 is a recent 
arrival in the amateur constructor’s market 
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and has some rather special qualities. The 
inputs and outputs can operate at any 
potential up to and including both supply 
rails and the outputs can deliver up to 


COMPONENTS 


Resistors 
R1, R2, R4 100k (3 off) 
10M 
22k 
47Q 
A 270Q 
All 0:-25W 5% carbon film 


Capacitors 
1 470n ceramic 


100n ceramic (5 off) 

68p ceramic (2-off) 

10n ceramic 

10u radial elect. 25V 
(2 off 

100u radial elect. 10V 

(2 off) 
C14 470u radial elect. 16V 


C10, C11 


Semiconductors 

D1, D2 1N4148 signal diode 
(2 off) 

D3 3mm red l.e.d., 2mA type 

IC1 FGM-3 fluxgate 
magnetometer sensor 

IC2 4013B CMOS dual 
flip-flop 

IC3 AD8532 dual op.amp 

IC4 LP2950 5V micropower 
regulator 


Miscellaneous 

LS1 8Q loudspeaker, 

40mm dia. 

S1 min. s.p.s.t. toggle switch 

X1 32°768kHz crystal 

Printed circuit board, available from the 
EPE PCB Service, code 239; 8-pin d.i.l. 
socket; 14-pin d.i.l. socket; 4-pin wire- 
wrap d.i.l. socket; 9V PP3 battery and 
clip; ribbon cable; plastic case (see text); 
magnet (see text); heat-shrink sleeving 


(see text); wire; solder, etc. 
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250mA of current, sufficient to drive a 
small loudspeaker at modest volume. 

The recommended supply voltage is 3V 
to 6V, but users should be aware that the 
absolute maximum is stated to be 7V. The 
versatility of the device can be seen in this 
circuit, where one of the two amplifiers 
operates as a crystal oscillator whilst the 
other drives the loudspeaker. 

The supply for the circuit is regulated by 
IC4, an LP2950 three-terminal +5V regula- 
tor. This has a superior performance to that 
of the 78L05 and can operate from a much 
lower input voltage. The manufacturers of 
the FGM-3 state that output depends to 
some extent on supply voltage, so the 
improved regulation will help in minimising 
drift in this project. Capacitors C11 to C14 
are included to provide supply decoupling. 


CONSTRUCTION 


The printed circuit board component and 
track layouts are shown in Fig.3. This 
board is available from the EPE PCB 
Service, code 239. 

Construction should present no special 
difficulties — the preferred procedure is to 
fit low profile components such as resistors 
and diodes first, followed by the smaller 
capacitors and then the electrolytics. The 
use of dual-in-line (d.i.1.) sockets is recom- 
mended for [C2 and IC3. 

The 32:768kHz watch crystal X1 is readi- 
ly available from many component suppliers, 
but constructors with good eyesight might 
even use one salvaged from an old watch! 
Commercially supplied versions are usually 
physically larger though, and have longer 
leads. Because they look fragile and the leads 
are thin it is advisable to secure X1 to the 
board with a drop of glue before soldering. 

The four connections to the FGM-3 are 
shown in Fig.4, along with their functions. 
Since it will undoubtedly be used in future 
projects, and also to reduce any possibility 
of damage, it was decided not to solder 
directly to these pins. Their spacing is the 
same as that of a typical d.i.1. i.c. so a suit- 
able socket for them was made by cutting a 
section from a “wire-wrap”’ d.i.1. socket 
with a sharp knife. 

These sockets have relatively long and 
robust connections to which the capacitor 
C1 and about 300mm of ribbon cable can 
be soldered as shown in Fig.5. Heatshrink 
sleeving was fitted over the connections to 
give them added physical strength. It 
should be noted that the FGM-3’s pins are 
flat in section and fairly wide, so they will 
not fit into a turned-pin socket. 

Before fitting IC2 and IC3, the board 
should be powered so that the presence of 
the regulated 5V supply can be checked on 
their sockets at pin 14 (IC2) and pin 8 
(IC3). After this, these two i.c.s can be 
inserted and the speaker and sensor con- 
nected for testing. 


SETTING UP 


The current drawn by the circuit varies 
quite a lot with the field being sensed, but as 
a rough guide, when tuned, the average is 
about 25mA to 30mA. Placing a small bar 
magnet, such as those sold for reed relay 
operation, about 100mm to 150mm from 
the sensor (in any position, to either side or 
behind it) and rotating it slowly should pro- 
duce various strange noises and, hopefully, 
at some point the l.e.d. will light. 


568 


(MOUNTED 
ON 
SOCKET) 


RIBBON 
CABLE 





TO 


a [ ON/OFF ] 


Fig.3. Component layout, full size copper foil master track pattern, and off-board 


interwiring details. 


When this happens 
the magnet should be 
adjusted carefully for a 
steady audio tone of 
suitable pitch. Blobs of 
Blu-Tack will be found | 
invaluable for holding | 
the sensor and magnet | 
in position as this is 
done. Once the operat- 
ing point has been 
found, the effect of 
moving another magnet 
in the vicinity can be tried. 

Most magnets will be easily detectable at 
more than 300mm and strong ones will 
produce a response from several metres. If 
the tone sounds seriously “mushy”’ and 
unclear during adjustment attempts, the 
problem is likely to be 50Hz pickup from 
mains appliances and wiring in the vicinity, 
especially transformers, in which case it 
may be necessary to relocate the unit some- 
where magnetically quieter. 


ENCLOSURE 


Selection of a housing for this project is 
up to the individual constructor. For effi- 
ciency, small loudspeakers really need a 
case of some kind to prevent sound waves 
from the rear simply cancelling those from 
the front. 

The prototype has the p.c.b., battery, 
loudspeaker and on/off switch S1 in a small 
plastic case with the sensor attached via the 
ribbon cable. This can be set up on a board 
with the magnet, using Blu-Tack to keep 
everything in place whilst allowing easy 
adjustment. 


IN USE 

The assembly has to be used in a static 
position, as small movements relative to the 
earth’s field can take it right off scale. It is 
placed in the desired position, switched on 
and the tone set with the permanent 





O\ FEEDBACK COIL 
GO }0V (GROUND) 

go J OUTPUT 

OY/ +5V 


Fig.4. Connections for the FGM-3 
sensor. 





"SOCKET" 
CUT FROM 
WIRE-WRAP 
DIL SOCKET 


FEEDBACK COIL 
OV (GROUND) 
OUTPUT 

+5V 


4-WAY RIBBON CABLE IS SOLDERED TO THESE PINS 
AND STRENGTHENED WITH HEAT-SHRINK SLEEVING. 





Fig.5. Providing a socket for the 
FGM-3, with capacitor C1. 


magnet, then it is kept in this position for 
the desired test. 

The Mood PICker and Mood Changer 
projects are both detectable at several cen- 
timetres, producing clearly audible pitch 
changes and a distinctive quavering note at 
higher frequencies. In fact, the original 
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Mood Changer can be detected at up to 
500mm. 


Other uses for this simple project are 


obviously limited only by the imagination 
of the constructor. Examples would be 
detection of moving objects at a distance by 
attaching magnets to them, and detection of 
large ferrous objects such as vehicles by the 
distortion in the earth’s magnetic field they 
cause in passing. 

It would obviously be possible to add a 
frequency-to-voltage circuit if a voltage out- 
put is required, though for accuracy a circuit 
converting period to voltage is better. 


PARTY PIECE 


Finally, even non-electronically minded 
people cannot fail to be impressed by this 
project’s “party piece’’. If a fairly powerful 
magnet is suspended on a thread with north 
and south poles facing horizontally out- 
wards, when set spinning it will generate a 
sinusoidally varying magnetic field. With 
the prototype this was done using a ferrite 
ring magnet of the kind used in loudspeak- 
ers, with a diameter of about 50mm. 

The resulting alternating field could be 
detected easily at ranges of over five 
metres, through brick walls just as easily as 
through air. This gives rise to the idea of a 
Mood Changer project for a wide area cov- 
erage using a spinning permanent magnet, 
but this one is still on the drawing board at 
present! 
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—_ vl rom, 4-digit Freq Counter 0-01KHz- 
Used £350, Unused £500 9-999kHz/0-01kHz-55kHz 


POWER SUPPLY Model HSP3010, 0-30V, 
0-10 Amps current limiting. 
2 meters 

Used £160 Unused £200 
GOODWILL : 
GVT427 DUAL CHANNEL A.C. 

MILLIVOLTMETER 

10,V 300V in 12 ranges 

Frequency 10Hz-1MHz 

Used £100 Unused £125 


FARNELL LF1 Sine/Sq Oscillator 


|] 10Hz-1MHz 
75) 


Solatron 7045 — 4-5 Dig. 
Bench Multimeter 
with leads 


LEVELL TG200DMP RC Oscillator 
1Hz-1MHz Sine/Square, meter, 
battery operated (Batteries not supplied) 


Solatron 7150 
DDMM 6°5 digit 
True RMS IEEE 


-rmmmnunmnt, WAYNE KERR AMM255 
id = Automatic Modulation Meter 


= eg | AM/FM 1-5MHz-2GHz 35 digit 
La SS) Unused ED 
WILL GFC 8010G 


GOOD’ 
FREQUENCY COUNTER, R 
1HZ-120MHz, 8-Digit Display, 1 





TEKTRONIX 2212 dig storage dual trace, 60MHz MANY OTHER POWER SUPPLIES AVAILABLE 


STEWART of READING 


110 WYKEHAM ROAD, READING, BERKS. RG6 1PL 
Telephone: (0118) 9268041. Fax: (0118) 9351696 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 


RMS Sensitivity Unused £75 


Used ong gens GUARANTEED. Manuals supplied 
This is a VERY SMALL SAM OF oh se pina Telephone for lists. Please check availability 
efore ordering. 
CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage 
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Special Feature 








POWER GENERA 
TOPYLONS' ., 


ALAN WINSTANLEY 


In this two-part feature, supported by the expertise of the international power generation 
company National Power pic, Alan describes some of the high technology involved in gen- 
erating power — from a gas pipeline to the turbines and generators and then to the electric- 
ity pylon and beyond! We also examine in close-up some of the techniques 
related to the provision of a 230V a.c. supply directly to our housing and industry. 


I THE UK we are fortunate enough to 
enjoy virtually uninterrupted electricity, 
provided by one of the world’s largest 
interconnected electrical systems which 
links our power stations together to form 
the National Grid. The high quality of 
Britain’s electricity supply is taken for 
granted by us all, although for both the 
micro-electronics enthusiast as well as the 
general public there is much mystique sur- 
rounding the way in which electrical power 
is created and delivered safely to our 
homes. 

National Power generously granted the 
writer unlimited access to all parts of a 
modern gas-fired power station — 
Killingholme “A’’ near Grimsby — and pro- 
vided a much-needed insight illustrating 
where our “juice” actually flows from. If 
ever you have wondered what “neutral” 
really means, why the earth plays such a 
vital role in safety, or why an electricity 
power station would ever need gas, or if you 
just want to brush up on some fundamental 
theory, this article provides background 
which is essential reading for electronics 
users and consumers everywhere. 





Lights Fantastic 

The sight of electricity pylons marching 
alien-like across the countryside is an all too 
familiar one, yet in spite of their omnipres- 
ence it is easy to overlook the feats of heavy 
engineering and high technology surround- 
ing us which are responsible for delivering 
electrical energy to illuminate and warm our 
homes, cook our food and entertain us, as 
well as powering our industries. 

It is something of a paradox that the 
microelectronics enthusiast can utilise the 
very latest in silicon chips to create another 
technological masterpiece, yet if we are 
honest, many of us would admit to having 
only a fleeting knowledge about the elec- 
tricity supply itself. We leave that sort of 
thing to electricians. We probably know 
(we think) that earth is, as its name sug- 
gests, connected to earth somewhere along 
the line, and perhaps the neutral is, er, 
somehow neutral. We know that the supply 
is ‘“alternating”’, but how many have actual- 
ly stopped to consider what all this really 
means? 

After reading these two articles you will 
know precisely how the electricity supply 
is generated, distributed and delivered. 
Although it is written with the UK 230V 
a.c. 5OHz. supply in mind, note that many 
similar principles are utilised abroad, so 
even if you do not reside in the UK you will 
find a considerable amount in common 
between the systems outlined here and 
those employed in your own country (some 
of which are undoubtedly British-built). 


In The Beginning 

The incandescent electric lamp was first 
produced in 1879 by Joseph Swan in 
England and Thomas Edison in the USA, 
and two years later Britain saw the advent 
of its first public electricity supply. Over 
the next fifty years some 600 supply under- 
takings with nearly 500 localised power 
stations would be created, operating at a 
variety of frequencies and both a.c. and d.c. 
voltages. 






Part One 


In 1927 the Central Electricity Board 
(CEB) was appointed by statute, with a 
view to standardising frequencies, and also 
to implement an interconnection plan to 
improve efficiency and reduce waste. The 
plan involved hooking together a select 
number of power stations, and was com- 
pleted in 1938. Later the industry was 
nationalised in 1948. 

Over the last twenty or thirty years the 
power generation picture in the United 
Kingdom has been transformed, so to 
speak, having moved away from the once 
heavy reliance on Britain’s rich supply of 
coal to a modern multi-fuelled power 
industry which is clean, efficient and 
dependable. 

Until the early 1990s, power generation 
was undertaken and controlled by the 
Central Electricity Generating Board (the 
CEGB), which was primarily responsible 
for producing and selling power for 
onwards transmission to the regional elec- 
tricity boards by the National Grid, the 
organisation which “owns the wires”. 
From there it would be distributed to tens 
of millions of residential and commercial 
properties. 

Privatisation and the arrival of market 
competition in 1990 introduced radical 
changes in the way the UK electrical sup- 
ply market operated. The CEGB gave way 
to competing power companies — including 
National Power, PowerGen and the nuclear 
arm of the industry, British Energy. There 
are now some 30 or more power producers, 
many of which are independent or foreign 
owned power stations, competing for the 
business of nearly 23 million domestic 
customers. 

These and millions of commercial and 
industrial users are served by fourteen 
Regional Electricity Companies (RECs). 
The market for buying and selling electrical 
power has opened up at all levels, so much 
so that in the UK it is now possible to buy 
gas from electricity providers and vice 
versa. 
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On Demand 

Over the many decades in which we 
have enjoyed virtually uninterrupted elec- 
trical supplies, the power providers have 
accrued much experience of the likely 
demands which will be placed upon them 
by their customers. This enables the power 
distribution companies to plan ahead and 
allocate, on a daily basis, the various power 
generation resources which are going to be 
available to meet the forecasted demands. 

How, according to National Power, these 
various fuel types are available in “layers” 
to meet this demand, which in the UK 
totals nearly 70,000 Megawatts (MW), is 
shown in Fig.1. The graph also shows how 
the resources are divided amongst various 
fuel types. 

Available capacity needed to meet demand (MW) 
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Fig.1. How the demand for electricity in 
the UK is fulfilled by different types of 
fuel. Nuclear, gas and “interconnec- 
tors” provide the base whilst coal, oil 
and hydro are only brought on-stream 
to top up the supply. 


—Courtesy National Power 


Underpinning the country’s supply capa- 
bility are both gas and nuclear fuel sources 
which produce a constant 30,000MW 
between them and form the bedrock of 
Britain’s available capacity. Also providing 
nearly 5,0O0OOMW of capacity are what are 
termed “interconnectors’’, which relate to 
the connections made by the National Grid 
to both Scotland and France: yes, a certain 
proportion of our power is imported, 
though the same wires could be used to 
export surplus electricity as well. Roughly 
2,000MW of interconnected power is avail- 
able via the Cross-Channel Link, a pair of 
undersea 45km long cables completed in 
1986. 

The rest of the UK’s electrical capacity 
is provided by coal, oil and hydro-electric 
power, noting from Fig.1 that the capacity 
of these sources dwindles in terms of utili- 
sation: they form the buffer which is pri- 
marily used for the “top up” needed to 
meet peak surges. For most of the time, we 
rely on nuclear power, gas-fired power 
plants and imported electricity which are 
100 per cent utilised. | 
_ The demands for electrical power rise 
and fall during the day, and the weather and 
many other events — such as the advertising 
breaks in favourite TV soaps — can trigger a 
huge surge in demand when people head 
for the electric kettle. These TV-related 
surges are known as “TV pick-ups’. The 
average person will also decide to turn on 
the electric lights in the evening only when 
a commercial break occurs! 

It is the function of the National Grid 
Control Centre, based at Reading, to match 
the demands placed by its customers with 
the available capacity and to cope with 
anticipated TV pick-ups. According to 
National Grid figures, the largest recorded 


TV pick-up of 2,8300MW occurred in the 
World Cup Semi-Final in July 1990 
(England v. West Germany). To maintain 
stability the control process may also 
require electricity production to be reduced 
when demand falls: the funeral of Princess 
Diana caused a major drop of 1,000MW in 
normal power consumption when all daily 
activity stopped in the UK. 


Price Matching 

The task of matching supply and demand 
is called “generation despatch’ and 
involves not only the National Grid being 
kept posted by data links showing the avail- 
ability of power from all its suppliers, but 
also at what price: electricity is bargained 
in Pounds per MegaWatt Hour and power 
generation companies have to commit to a 
price for filling half-hour slots for the 24 
hours ahead. This bidding process occurs 
every morning when the power plants noti- 
fy the National Grid of their availability 
and pricing for the day. 

As you would expect in a privatised mar- 
ket economy, the “bulk’’ price charged by 
generators varies depending on demand. 
On a typical November day (for example) it 
could rise from around £33 ($54 for 
American readers) per MegaWatt Hour 
(MWH) to roughly £45($74)/MWH at peak 
times of the day — which, incidentally, is at 
tea time, when demand peaks dramatically 
at 17:30 hours. By way of comparison, 
depending on one’s location a domestic 
electrical “unit”? costs 6-45 pence (10-6 
cents), which equates to £64.50 or 
$106.42/MWH. 

Trends from preceding weeks, months 
and even years are taken into account as 
well and forecasts are accurate to within a 
couple of percentage points. Any event 
which is forecast to trigger a rise in power 
demand - say a televised World Cup -— is 
brought into the equation, as are other fac- 
tors including weather forecasts, seasonal 
trends and even the day of the week. 

In Fig.2, National Power illustrates how 
peak demands over a typical 24 hour period 
are gradually topped up as more plant is 
brought on stream to cope, culminating with 
the short-term use of pumped storage (water 
caverns) to generate hydroelectric power at 
peak times (around 6p.m.). Note that nuclear 
and gas-fired power provides a constant out- 
put, and only as demands soar will larger 
coal and oil-fired stations be brought onto 
the system to meet peak surges. 
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A “pumped storage” installation in 
Dinorwig, Wales can also be brought on 
stream within ten seconds, to cater for daily 
peaks in demand, and this cushion has 
helped to reduce the need to have spare 
generator plant constantly running to meet 
unanticipated surges in demand, see Fig.3. 
All power plants are identified in an “order 
of merit” table which highlights the indi- 
vidual cost of power generated by the vari- 
ous power plants. 

Hence there are low merit (high cost) 
and high merit (low cost) plants which 
depend on the type of fuel used. In addi- 
tion, the National Grid will take into 
account the dynamic parameters of the 
plant, such as loading rates, and whether 
the turbines are hot or cold. It can be cheap- 
er to run a more expensive “hot”? machine 
than a cheaper cold machine. 
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Fig.2. How a 24-hour demand, peaking 
at 17.30 hours, is met by the electricity 
industry. 


Killingholme “A”’ 

National Power’s Killingholme “A”’ 
power station is situated near the ports of 
Immingham and Grimsby in North 
Lincolnshire, on the banks of the River 
Humber. It was their first gas turbine plant 
and was commissioned in 1993. 

This 6550MW plant runs as a “base load” 
operation, which means that it provides a 
constant output that forms some of the 
everyday “bread and butter’’ of the United 
Kingdom’s electrical capacity. Its perfor- 
mance won Killingholme “A” the National 
Power Availability Prize. 

National Power has strong international 
links and is heavily involved with the 
export of technological know-how, includ- 
ing the construction and joint operation of 
power plants in other countries, notably the 
USA, Europe and China. The power station 
at Killingholme also has an impressive 
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Fig.3. Daily demands are bought in half-hour blocks from electricity producers by 
the National Grid. The graph, produced daily, depicts several factors including the 


purchase price of electricity. 
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General view of the Killingholme “A” Gas-fired Power Station. 


array of links with local educational and 
environmental projects, having funded a 
wide variety of nature conservation drives 
in association with both local and national 
authorities. 

A new fully staffed visitor’s centre, an 
educational garden and close associations 
which have been carefully nurtured with 
neighbouring schools and further education 
help ensure that Killingholme “A” plays an 
environmentally aware and responsible role 
in the community. 


From Pipelines to 
Pylons 


Killingholme “A” is a gas-fired power 
station. Why gas? When the UK electricity 
marketplace was forcibly opened up to 
competition in 1990, the switch from coal 
to gas became all the rage in what became 
known as “the dash for gas’’. Whilst coal- 
fired power stations battled with the logis- 
tics of being constantly fed by trainloads of 
cheap coal, not to mention the enormous 
cost of upgrading plant to meet pollution 
targets, one thing which is still in plentiful 
supply is natural gas, provided from rigs in 
the nearby North Sea. 

Several new power stations were there- 
fore constructed in this locality, some being 
independently owned and others being built 
by both National Power and PowerGen. A 
gas-fired power station is far cheaper and 
much more compact to build than a compa- 
rable coal-fired station, producing less 
carbon dioxide and virtually non-existent 
levels of sulphur dioxide, the compound 
which gives rise to acid rain. 

Since the region’s petro-chemical indus- 
tries are handsomely served by major 
underground gas pipelines, then if there is 
an immediate need to construct power 
plants quickly and efficiently, gas is an 
obvious choice for fuel. Furthermore, by 
purchasing “off-the-shelf” power plant 
rather than attempting to design everything 
in-house, National Power enjoyed a greater 
choice of supplier and shorter lead times 
during the dash for gas. 

Before we delve under the bonnet of 
Killingholme “A’’, it is worth relating a few 
fairly fundamental principles of electricity, 
which actually have a most profound 
impact on the way in which electricity must 
be distributed. When scaled up to the level 
of national electricity distribution, it soon 
becomes apparent why milliohms suddenly 
matter and kilovolts really count. 

A set of rules different from those which 
the microelectronics enthusiast usually 
concentrates on, exists in the field of 


D/2 


generating and transmitting power and 
even the hardened electronics enthusiast 
cannot help being filled with awe when 
confronted with a 400,000V transformer or 
a 10,000 amp circuit breaker! 


Long Distance 
Transport 


When electric current needs to be con- 
ducted over large distances (e.g. dozens of 
miles), several issues arise. The primary 
problem is that of unwanted electrical 
resistance, which results in heating effects 
that are proportional to the square of the 
current (/2R) . 

If a length of wire has a known resis- 
tance, then doubling the current will 
quadruple the power dissipated in the form 
of heat. Wasting power in this way is inef- 
ficient and equates directly to increased 
costs, so it is highly desirable to reduce 
these heating effects. | 

Since a conductor’s resistance is directly 
proportional to its cross-sectional area, then 
in order to overcome the resistance inherent 
in long-distance power lines, the cross-sec- 
tional area of a conductor could obviously 
be increased (Fig.4). This will reduce its 
resistance to current but will obviously 
increase costs because of the greater vol- 
ume of conductor needed. 

The solution is to step up the voltages 
being transmitted to much greater levels — 
tens or hundreds of thousands of volts. The 
higher the operating voltage, the lower the 
current, then the smaller the cross sectional 
area of power lines can be, to deliver the 


Cross sectional area = 
1 





Fig.4. The resistance of a conductor is 
related to the cross-sectional area 
(CSA), the smaller the diameter, the 
higher the resistance. 


same level of power. This saves material 
costs, but then introduces yet another fac- 
tor: the cost of insulating the environment 
from these extremely high voltages. 

Transmitting electrical power economi- 
cally around the country, then, is a finely- 
calculated compromise between several 
factors if power is to be transmitted effi- 
ciently and also at the most economical 
price: too thin a wire and the /?R heating 
losses become unacceptable; however too 
thick a wire results in a formidably high 
material cost; lastly, too high a voltage 
implies a greater cost in insulation and 
other technologies. 

The economics of this simple relation- 
ship are shown in graph form in Fig.5. 
Incidentally, in case you’ve always won- 
dered, those power transmission lines 
found hanging from pylons are usually 
made of aluminium alloy. 





Fig.5. Illustrating the simple _relation- 
ship between the cost of providing a 
supply versus the voltage and insulator 
costs. 





Four 400kV transformers connected to 
the outputs of the four generators. 


Transformation 


In order to transmit electrical power over 
considerable distances, great reliance is 
made on the transformer. Every reader 
will be familiar with a transformer, and 
exactly the same principle of “stepping up” 
or “stepping down” an alternating voltage 
is used throughout the power distribution 
network. 

It would, of course, not be at all feasible 
to route high d.c. voltages on overhead or 
underground cables due to the magnitudes 
of current involved. Imagine trying to 
transport 80 amperes per house at 230V 
d.c. and you can imagine that the conduc- 
tors would have to be impossibly thick — 
several metres in diameter — to transmit 
such power levels to an entire town. (The 
Cross-Channel Link does however run at 
d.c., as a way of separating the English 
and French power transmission systems: 
converter stations at both ends then pro- 
duce alternating currents for onwards 
transmission. ) 
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The main function of a transformer is, of 
course, to step an alternating voltage up or 
down. Fig.6a shows the familiar circuit 
symbol of a typical mains transformer that 
would be found in a constructional project 
or consumer equipment. It consists of two 
or more coils wound on a laminated steel 
core. 

The primary winding can be considered 
as the input and the output is taken from the 
transformer’s secondary winding. It is also 
often important to know the direction or 
phase of the windings: in electronics a 
spot-mark may sometimes be used to iden- 
tify one end of each winding, or they may 
be labelled as, say, 230V and OV on the pri- 
mary, and 12V and OV on the secondary 
winding. 

Whether the transformer will increase 
(step up) the alternating voltage applied to 
the primary, or reduce it (step down) 
depends on the ratio of the number of turns 
of both windings. Regardless of which type 
the transformer actually is, at a simple level 
it can be assumed that the power (VxI) 
across the primary is roughly the same as 
that across the secondary. 

A step-down transformer (used in ordi- 
nary mains adapters for example) might 
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Fig.6a. Step-down transformer symbol. The “spot” indicates the direction of the 
windings. (b) Step-up transformer, and (c) auto-transformer. 


have a 240V a.c. primary and, say, a 12V 
a.c. secondary. The turns ratio is therefore 
approximately 20:1. If the voltage across 
the primary is V, and that across the sec- 
ondary is V,, then V,/V, = N)/Ns, where N, 
and N, are the numbers of turns in the pri- 
mary and secondary windings. As shown in 
Fig.6a, the primary power (240Vx0-5A 
watts) is the same as the secondary 
(12Vx10A) — ignoring losses. 

Therefore, the primary of a typical step- 
down mains transformer is at a higher 


voltage but carries a lower current than 
the secondary. The power (voltage x cur- 
rent) is the same in both windings. 
Importantly, this means that thin wire can 
be used for the high voltage side. However, 
the secondary circuit operates at a lower 
voltage but a much higher current. A thick- 
er gauge wire is used on the secondary, to 
cope with these higher currents. 

The auto-transformer can be consid- 
ered as a single winding with a tapping 
made somewhere along its length. One 


National Power Killinghome “A” near Immingham in North Lincolnshire is a modern gas-fired CCGT power station which produces enough elec- 
tricity to power a town the size of nearby Grimsby. It uses three gas and one steam turbine which operate non-stop for many months on end. 
1: Natural gas is carried by underground pipelines, from offshore rigs in the North Sea. 2: Air is sucked in through large grilles on the front of 
the building, where it is filtered. 3: The gas/air mixture is swirled and burned in a combustion silo, which produces a force on the turbine blades 
below, making them rotate. 4: The generator is directly coupled to the rotating turbine shaft. 5: The turbine exhaust is used to heat water in the 
Heat Recovery Steam Generator, to produce “bonus” steam. 6: Exhaust then passes through the stacks, one per turbine. 7: A steam turbine 
produces further electricity from the steam created in the HRSG. 8: Each gas turbine outputs 3-phase 15-75kV to a large 400kV step-up trans- 
former, outside the building. 9: The step-up transformer for the steam turbine, located by the main office block. 10: The Banking Compound con- 
tains the main isolators for the 400kV supply. 11: The exhaust steam from the steam turbine passes through a condenser, and produces high 
quality water which is recycled in the HRSG. 12: The cooling towers are used to reduce the temperature of the cooling water utilised in the 


condenser. 13: The underground 3-phase 40kV cable passes to a sub station, for onwards transmission by the National Grid. 
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Large grilles on the 
front of the building 
are actually air inlets 
for the gas turbines. ™™ 
Each turbine requires \@ 
about half a tonne of | 
air per second, so \\™" 
atmospheric air is & 
sucked in and com- © &. 
pressed by many 
stages of spinning 
blades located at the © 
front of each turbine ~~ 
shaft. The resultant .— 
high pressure air is 9 
“swirled” along with 
natural gas within a , 
combustion unit fitted “~~ oe oe : 
on top of the turbine. Aerial view showing gas turbine blades (largest, front) and 


terminal is therefore common to both the 
primary and the secondary (see Fig.6c). 
Scaled-down versions are used in work- 
shops or laboratories, and have a moving 
contact which can be rotated to produce a 
variable a.c. voltage. 

A key advantage of the auto-transformer 
is that the secondary winding does not 
“see” all of the secondary current, which 
means that less copper wire is needed when 
compared with the classic “double-wound”’ 
transformers of Fig.6a and Fig.6b. The use 
of auto-transformers is quite widespread in 
the power industry, and these are classed as 
voltage transformers (VTs). One disad- 
vantage to be remembered at consumer 
level is that they do not provide complete 
safety isolation from the mains. 

A third type of transformer is also utilised 
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in the power generation industry, in order 
that measurements of current may be made. 
Since it would be impractical to directly 
measure the many kilo-amperes which can 
flow in certain parts of the electricity genera- 
tion system, a current transformer (CT) is 
used to enable readings or measurements to 
be taken. A “doughnut” or toroidal-shaped 
secondary coil can be placed over a conduc- 
tor which passes through the centre; the cur- 
rent-carrying conductor can then be deemed 
to be the “primary” of a current transformer 
whose secondary current can then be directly 
measured, or used in conjunction with 
protection equipment. 

A series of CTs and VTs are used to con- 
stantly monitor the circuits of the power 
station; an enormous voltage transformer 
with a 15-75kV primary is positioned to 
directly measure the output of each of the 
generators. Transformers are also instru- 
mental (literally) in alerting the power gen- 
eration and distribution companies to any 
losses which may occur further down- 
stream in the electrical grid. 

In the power generation industry, thin 
wires at high voltages are used to transport 
power economically over great distances. 
Transformers will then be utilised at sub- 
stations in order to step down the voltages 
to something more appropriate, using 
thicker, more expensive wires to carry these 
higher “secondary”’ currents. We will look 
at the aspects of three-phase power trans- 
mission and distribution later on. 


Talking Turbines 

Having introduced these fundamental 
electrical aspects, let’s return to our power 
station at Killingholme “A’”’ and explore in 
more detail where electrical power actually 
comes from. Our adopted power station is 
fuelled by gas brought in from the North 
Sea and transported in an underground 
pipeline. The actual compound area where 
the natural gas arrives contains just a little 
surface pipework and is remarkably ordi- 
nary-looking, all things considered! 

The Killingholme station is known as a 
Combined Cycle Gas Turbine (CCGT) 
plant, which utilises gas turbines to drive 
electrical generators. In a CCGT plant, sur- 
plus heat created by the gas turbines is fur- 
ther utilised to produce steam. This drives a 
steam turbine to generate yet more electric- 
ity. The steam turbine is driven by “waste”’ 
heat from the gas turbine which results in a 
vast improvement in overall power plant 
efficiency. A diagram explaining the overall 
process is shown in Fig.7. 
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Within this “silo com- air compressor (rear) on the shaft, undergoing inspection. 


bustor’’ are 54 separate 

burners which act as gas jets. The burning 
mixture reaches temperatures of over 1,000 
degrees Celsius. 

In the same way that in an internal com- 
bustion engine the petrol/air mixture 
ignites and expands to force down a piston, 
the resulting continuous expanding force 
from the burning gas mixture passes over 
and spins the gas turbine blades. These 
drive a generator through a shaft, which 
also drives the air compressor blades. 


In A Spin 

Looking at the generator in more detail, 
it is much easier to use stationary coils 
rather than attempt to rotate them, so the 
electrical generator consists of a compara- 
tively small rotating electromagnet (the 
rotor) surrounded by a series of large fixed 
coils (stators) in which electrical energy is 
induced. They output up to 145MW at 
15-:75kV. The Killingholme power plant 
has three such gas-turbine driven genera- 
tors plus a steam turbine as well. We will be 
looking at what happens to the generator’s 
output in greater detail later on. 

To start the system, a “static starting 
device” (SSD) is utilised in which the gen- 
erator is actually used in reverse, as a 


Gas Turbine Cycle 











starter motor (consuming some 4MW of 
power in the process), see Fig.8. Acting as 
an induction motor, the stator is energised 
by a variable voltage, variable frequency 
a.c. supply; the generator’s inner rotating 
windings are powered with a d.c. current 
(called “exciting” the rotor) through brush- 
es and moving contacts called sliprings. 


VARIABLE 
VOLTAGE 


AND 
FREQUENCY 


STATIC | 
STARTING 
DEVICE 


SHAFT CONNECTED 
TO TURBINE, WHICH 
IS FORCED TO ROTATE 


Fig.8. A static starting device (SSD) is 
utilised to convert a generator into a 
“starter motor” (consuming 4MW). This 
causes the rotor to spin, which in turn, 
turns over the turbine. 


Purified Water 


WO > CANOE KS 4O8O KO 4000 4 > H98D 6X 880K OC 08K 96 ETRE FO WEES YS HED FA AY GORE AS SOUT K > COTE HK OOED CX HOES CONS OEM DO 


Steam Turbine Cycle 


From cooling fower ———— fpr 
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Fig.7. Schematic representation of the Killinghome “A” Combined Cycle Gas 


Turbine (CCGT) power plant. 
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Variations on this theme include the use of 
rectified a.c. exciters, or brushless excite- 
ment systems which use a.c. generators and 
eliminate the need for sliprings altogether. 

At a certain point, the rotor’s magnetic 
field “locks”’ together with the field created 
in the stator, and the generator (still 
behaving as a motor) achieves synchronous 
operation: the two magnetic fields are syn- 
chronised with each other. Then the supply 
to the stator is increased in frequency, 
which causes the rotor to be dragged along 
at a higher rotational speed. Thus the shaft 
is forced to rotate. 

At 2,500 r.p.m. the gas turbine manages 
to sustain itself and the SSD is disabled, the 
turbine’s compressor blades now spinning 
fast enough to maintain the combustion 
process. The rotor’s speed will then be 
automatically governed up to the critical 
speed of 3,000 r.p.m. and electricity can 
then be generated. 

To give you an idea of scale, the rotor 
shaft typically weighs 100 tonnes or so and 
is machined from one solid casting. It will 
become apparent later why a speed of 3,000 
r.p.m. is significant to electricity users! 


Power Bonus 

The power generation process does not 
stop at the gas turbine. Having passed over 
the spinning gas turbine blades, the exhaust 
gases still have a temperature of some 
500°C. Rather than letting this go to waste, 
in a CCGT system this is put to further use 
in a heat exchange boiler or “heat recovery 
steam generator” (HRSG). 

Each heat exchanger contains over 100 
kilometres of finned tubing, which func- 
tions like a heatsink in reverse: the hot 
exhaust gas is used to heat water which is 
pumped through the core of the heat 
exchanger. The water turns to steam. The 


steam again. 


denser for re-use. 


The computer control room monitors and records the performance of the plant. 


chimney-like structures or stacks, which 
can be seen from the author’s window sev- 
eral miles away, actually vent exhaust from 
the gas turbines after it has passed through 
the heat exchanger. 

The “bonus” steam produced by the heat 
recovery steam generators is completely 
free of water vapour and is invisible, and is 
piped to a steam turbine to drive a fourth 
227MW generator. The steam exhausted 
from this turbine is condensed by passing it 
over a bank of titanium tubing through 
which cooling water is pumped (originally 
extracted from the nearby River Humber). 
The resultant condensed water is extremely 
pure and is recycled for use back in the heat 
recovery boilers, to be heated back into 


Lastly, the cooling water that has now 
been warmed by the steam turbine’s con- 
denser, has to be cooled down and this is 
achieved in a cooling tower by spraying it 
over a large surface area in the face of a ris- 
ing column of air. The cooled water is then 

- pumped back to the steam turbine’s con- 





Sometimes, water vapour is produced 
during this cooling-down process which 
will be seen billowing from power station 
cooling towers. As readers will know, coal- 
fired power stations rely on steam turbines 
and require much larger cooling towers for 
reducing the temperature of their condenser 
cooling water. 

In a CCGT plant, it can be seen that much 
use is made of recycling and utilising the by- 
products of the combined cycle process. 
Exhaust heat from the gas turbine is used to 
create steam which generates “bonus” power 
with a steam turbine; the steam is then con- 
densed back into water for further use in the 
heat exchanger, where it is re-heated by the 
gas turbine’s exhaust to make more steam. 
The heat recovery cycle has a phenomenal 
effect on throughput: it increases the overall 
efficiency of the plant from approximately 
33 per cent to 50 per cent or so. 


Next Month: In the next part, methods 
of power distribution and transmission are 
described, along with the means by which 
electricity is delivered to a typical home. 





with David Barrington 





Ultrasonic Puncture Finder 
Some of the parts needed for the Ultrasonic Puncture Finder may 


prove difficult to find at your usual local source. Most larger component. 


stockists are now carrying extensive ranges of surface mount devices, 
so these should be no problem. Check out the author's web site at: 
www.billsSMD.mcmail.com. 

The small integrated “knob-pot” VR1 only appears to be listed by 
Farnell (@ 0113 263 6311), code 350-655. The semiconductor 
devices originally came from Gothic Crellon (@ 01743 788878). If 
you wish to use the case pictured in the article, this was purchased 
from CPC Preston (@ 01772 654455), quote code EN55035. 

The ultrasonic transducer is usually stocked as a _ pair, 
transmitter/receiver, and you may have to shop around to find a stock- 
ist willing to part with just the receiver. Having said that, Electromail 
(@ 01536 204555), the mail order arm of RS, list them separately; the 
receiver is coded 307-367 and costs just over £4 plus any p&p charge. 
Some companies sell the pair for around £6 plus p&p. 


magnetic Field Detective 
The main item of concern regarding components for the Magnetic 
Field Detective will be the fluxgate magnetometer sensor. The FGM-3 
fluxgate sensor is obtainable from: Speake & Co. Ltd., Elvicta Estate, 
Crickhowell, Powys, NP8 1DF. Phone: 01873 811281. We under- 
stand from Bill Speake that this will cost readers £17 all inclusive, and 
include the data sheet and application notes. 

One source for the LP2950 5V micropower regulator is from 
Electromail (@ 01536 , code 648-567. The AD8532 dual 
op.amp came from Maplin, code OA16S. 


8-Channel Analogue Data Logger 

The PIC16F877 microcontroller used in the 8-Channel Analogue 
Data Logger is so new that supplies will only be appearing during 
the latter half of July 99. We understand that Farnell (@ 0113 263 
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6311) will be stocking unprogrammed ’F877s. The same source 
was identified for the 24LCxx serial EEPROM memory chips. To 
date, we are unable to quote order codes but we will keep you 
“posted”. 

For those readers who want a “plug-in and go” ready-programmed 
PIC16F877 chip, one will be available from Magenta Electronics 
(@ 01283 565435 or http//magenta2000.co.uk) for an expected price 
of £10 (overseas readers add £1 for postage). 

For those readers who wish to program their own PICs, the software 
is available from the Editorial Offices on a 3-5in. PC-compatible disk, 
see EPE PCB Service page 620. If you are an Internet user, it can be 
downloaded Free from our FTP site: 
ftp://ftp.epemag.wimborne.co.uk/pubs/PICS/datalog. 


Freezer Alarm 

The op.amp for the Freezer Alarm must be a low power type and 
readers are advised to stick with the LF441CN if possible. However, we 
have just discovered that this op.amp is now in very short supply and 
some reports suggest it is “discontinued”. In view of this, we contacted 
Farnell (@& 017113 263 6311) and they have suggested the AD548JN, 
code 400-920. You could also try the CA3130E. These have not been 
tested in the model. 

The bead thermistor rating of 47 kilohms at +25°C is its nominal fig- 
ure and should be quoted when ordering, most of our advertisers 
should be able to offer a suitable device. It is certainly carried by 
Maplin, code FX42V. They also list a 6V buzzer, code FL39N. 
Sound Activated Switch 

The only component to watch out for when selecting parts for the 
Sound Activated Switch is the electret mic. insert, with a “built-in” f.e.t. 
preamplifier. The model uses a subminiature type from Rapid 
(@& 01206 751166),code 35-0190. 


Details of all this month's PCBs can be found on page 620. 


PLEASE TAKE NOTE 
MIDI Handbells (May ’99) 
Page 327 Fig.3. The negative lead of electrolytic capacitor C2, con- 
Heo ig row K25, is incorrect. It should, of course, go to row J25, the 
rack. 
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PIC BASIC 


Write your PiCmicro programs in BASIC! 


Quicker and easier than “C” or assembler Expanded 
BASIC Stamp | compatible instruction set. True com- 
piler provides faster program execution and longer 
programs than BASIC interpreters. 12CIN and 121COUT 
instructions to access external serial EEPROMs. More 
user variables Peek and Poke instructions to access 
any PiCmicro register from BASIC. Serial speeds 
to 9600 baud. In-line assembler and Call support 
(call your assembly routines). Supports PIC12C67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 92x and PIC16F8x 
microcontrollers. Use in DOS or Windows Compatible 
with most PiCmicro programmers. 

The low-cost PicBasic Compiler (PBC) makes it easy to 
write programs for the fast Microchip PiCmicros. PBC con- 
verts these programs into hex or binary files that can be 
programmed directly into a PilCmicro microcontroller. The 
easy-to-use BASIC language makes PlCmicro programming 
available to everyone with its English-like instruction set. No 
more scary assembly language! 


The PicBasic Pro Compiler runs on PC compatibles. 


It can create programs for the PIC12C67x, PIC12CE67x, 
PIC14Cxxx, PIC16C55x, 6xx, 7xx, 84, 9xx, PIC16CE62x 
and PIC16F8x microcontrollers. The PicBasic Pro Compiler 
instruction set is upward compatible with the BASIC Stamp 
Il and Pro uses BS2 syntax. Programs can be compiled 
and programmed directly into a PlCmicro, elliminating the 
need for a BASIC Stamp module. These programs execute 
much faster than their Stamp equivalents. They may also be 
protected so no one can copy your code! 
Pic Basic — £49.95 
Pic Basic Pro — £149.95 
Supplied with full documentation 
Free PIC MACRO compiler 
and 
sample basic programs 


Alll 
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(2) 1996 mikrotngineering Labs 


EPIC ™ 


@e Low cost programmer for PIC12Cxxx, 
PIC12CExxx, PIC14Cxxx, PIC16C505, 55x, 
6xx, 7xx, 84, 9xx, PIC16CE62x and PIC16F8xx 
microcontrollers 

e ZIF adapters available for 8/18- and 40/28-pin 
DIP, 8-, 18- and 28-pin SOIC, 44-pin MQFP 
and 44- and 68-pin PLCC PiCmicros 

e Runs off two 9-volt batteries or optional AC 
adapter 

@ Connects to PC parallel printer port 

e Software upgradeable for future PICmicros 

@ Includes “8051” style PICmicro macro 
assembler 

@ Available assembled and tested or 
as bare board with diskette 
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EPic Programmer £49.95 
or £35 if purchased with 
PIC BASIC or Pro 
29-pin cable £5.95 
PIC16F84 £1.90 


plus £5 P&P and 17:5% VAT 


Join the world wide PIC Basic mail list and access the PIC Basic Knowledge Base via FTP 
| E-mail: majordomo@qunos.net with “subscribe picbasic-1” in the message 


PIC16F84/04P £1.90 each 


PIC12C508/509 £0.65 each 
24LC16 £0.75 each 
24LC65 £1.50 each 
PIC16C620 £1.95 each 
PIC16C621 £2.25 each 
PIC16C622 £2.50 each 
LCD DISPLAYS 


Various types available from 
£7.50 (2x16 line) 
ideal for use with PIC Basic. 


PIC PROGRAMMER KIT 


Programs the Popular PIC 16C84, 16F84, 24xx series serial memory devices. Connects to the 
serial port of a PC and requires NO EXTERNAL power supply. The kit includes instructions for 


assembly, circuit diagram and component layout. 


This handy little programmer is easy to build, taking no more 
than 30 minutes to assemble and test. The Professional quality 
PCB is double-sided, through-plated with solder resist and | 
screen printing to aid efficient assembly. It is supplied with driver. 
software to run in DOS on a 286 PC upwards and under | 
Windows 95 on 486 or Pentium and a Disk full of interesting | 
projects, tips and data sheets for PIC devices, including FREE 
Assembler and Simulator. 

Only £15.00 including Delivery and VAT 

(requires 9-pin D-type to 9-pin D-type cable to connect to serial 


Exa e supplied 
iba li g with every unit 






Serial LCB Display 
: Drivers (PIC16F84) 
oes £2.00 


AMAZING LOW PRICES 


port of PC) 
CABLE £5 INC VAT AND DELIVERY 


PIC Micro CD ROM Packed with 600Mb of information, all current data sheets, 
Programs and Diagrams, Application notes, PDF Viewer, includes PING-PONG and TETRIS 
with video and sound out of a PIC’84 BASIC language ASSEMBLY routines! 


£10 inc P&P & VAT 





Crownhill Associates Limited 
The Old Bakery, New Barns Road, Ely, Cambridge, CB7 4PW 


Tel: 01353 666709 


www.crownhill.co.uk 
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Fax:01353 666710 


E-mail: sales@crownhill.co.uk 
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WASH AND BRUSH UP 

Dear EPE, 

A few years ago I wrote to you about a pro- 
ject I was making from EPE — the Washer 
Bottle Monitor (Sept ’92). You wrote back a 
very kind and explanatory letter which I still 
have, and the problem was solved at once. The 
transistor had the suffix “L’, which gave it a 
different pinout. The design was installed in the 
car I had at the time, and then transferred it to 
the next car, which I sold a few months ago, and 
the monitor, still working great, went along 
with it. 

I have now retired and we moved to a quiet 
country village about a year ago. I have built a 
shack and now spend all my time at DIY, the 
garden and electronics, and have just built 
myself a UV light box from EPE and went on 
to develop my first p.c.b. using Terry de Vaux- 
Balbirnie’s Mole-ester (Aug ‘96) as a trial 





QUIBBLES 

Dear EPE, 

A small quibble with the references to SI units 
in John Phillips’ letter (June 99) and your reply. 
The convention with SI units based on personal 
names is that the unit symbols are written with a 
capital (N, Pa, V, A etc.) while the units names 
themselves (newton, pascal, volt, ampere, etc.) 
are not capitalised. 

Also I’m a bit doubtful about Celcius. I have 
seen it spelled that way. But my Chambers 
Biographical Dictionary tells me it is Celsius, 
after the Swedish astronomer Anders Celsius 
(1701-44), who devised that temperature scale in 
1742. 

More seriously, you can’t write virii (as 
appeared in Network June ’99)! The Latin virus 
originally meant a slimy liquid; the word was 
used (in French) in its modern sense of an infec- 
tious organism by Louis Pasteur in 1880, and 
reported (in English) in Scientific American) in 
1881. The plural viruses has been in use in 
English since at least 1908, so there is no reason 
to use the Latin plural; but if you must use it, it 
is viri, not virii. 

Peter Kelly, 
Woombye, Queensland, Australia 


Thanks Peter — we actually commented on the 
lower case for kelvin in July ’99 Readout, but did 
not correct the pascal aspect — and shall probably 
not do so again in the future! As you will see from 
another letter on this page, the Editor in Chief of 
Elektor-France is someone else who also chooses 
to use capital P for Pascal. There are some things 
which look better with caps in a publication such 
as ours, even if it’s not strictly correct. Celcius 
was purely my typing error, but by the rules you 
quote for non-caps should it not be celsius? 

Virus — Fowler’s Modern English Usage states 
that “The plurals of nouns in -us are trouble- 
some. Most are from Latin second-declension 
words, whose Latin plural is -i; but when that 
should be used, and when the English plural 
-uses is better, has to be decided for each 
separately” . 


READOUT 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 


%* LETTER OF THE MONTH * 











project. It is now working on the bench ready 
to put in a box — 6!/, mins to develop and 20- 
25 mins to etch. 

I would like to thank you for the help and 
for persuading me to keep at it when I was just 
started. It is a very satisfying hobby at any age, 
of course. I have always liked to make things. 
Most of my working life was spent as a fisher- 
man and the last ten years as skipper of a 
North Sea trawler. I now look forward to get- 
ting my teeth into more projects and will keep 
reading your excellent articles. 

Alexander Lovie, 
Cornhill, Banffshire, Scotland 














Most interesting to hear from you. We won- 
der if your UV unit was the one by Alan 
Winstanley, of July ‘92? 

How many more readers have favourite 
EE/PE/EPEI/ETI projects that go years? 








Personally, I would use viruses (I had Latin thrust 
down me at school — but little was absorbed and I 
wouldn’t presume to comment on someone else’s 
correct or incorrect use of it). My Hodder and 
Stoughton Latin-English dictionary gives “slime; 
poison; saltiness” as the translation for virus. 

Don't overlook the fact that we are principal- 
ly here to publish electronics articles and do not 
claim to be professors in English (or Latin) - 
although we acknowledge that correct spelling is 
desirable in any discipline! 


FRENCH BARS 

Dear EPE, 

I have just read the Hot Bars letter of June 99. 
After decades and even centuries of use of the 
Imperial system, it seems that a lot of people 
over there (the Channel, Atlantic Ocean, Pacific 
Ocean) have problems with the Metric system. 

The order is milli, centi, deci, one, deca, hecto, 
kilo. These translate as one thousandth, one hun- 
dredth, one tenth, one, ten, hundred, thousand, 
and so on. Therefore, a hectoPascal is 100 Pascal 
and not 0-01 Pascal. It is true that one 
hectoPascal is the same as one millibar, thus one 
bar is 1000 hectoPascal. 

For your information, the old name of the bar 
was hectopieze (hpz = 100pz), 0-98 atmosphere. 
The old name of the Pascal is millipieze, one 
thousandth of a Pieze. 

Further, as far as I know, and I should, I’m a 
Frenchman, Celsius is written with an s not ac. 

I read your magazine, with professional 
interest since at least 18 years. 

Guy Raedersdorf, 
Editor in Chief, Elektor-France 


Thanks Guy, we appreciate your professional 
input. We also note with interest that you also use 
capitals for some unit terms — we’ re being criti- 
cised for it (see Quibbles letter on this page)! 
Yes, | can’t type accurately, of course it’s Celsius 
(or should it be celsius?) and for some reason my 
wordprocessing program’s spellchecker failed to 
alert me. 
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WIN A DIGITAL 
MULTIMETER 


The DMT-1010 is a 31/5 digit pocket- 
sized |.c.d. multimeter which measures 
a.c. and d.c. voltage, d.c. current and 
resistance. It can also test diodes and 
bipolar transistors. 


Every month we will give a DMT-1010 
Digital Multimeter to the author of the 
best Readout letter. 












OZ FORECASTS 

Dear EPE, 

Australian TV weather forecast pressures are 
always given in hectoPascals. Perhaps not sur- 
prising as Australia went about adopting the met- 
ric system sensibly and completely rather than 
the half-hearted way we in the UK have to 
endure. It would be interesting to know if NZ TV 
use hPa in forecasts. 

I’m in favour of total metrification worldwide. 
I have a book from the early ‘50s with nearly 
four pages of weights and measures at that time 
still in use around the world. Things have 
improved since then but there is still confusion 
over the inequality of US and Imperial gallons, 
pints and fluid ounces and there are crass mis- 
takes like that in the so-called “British” edition 
of Encarta 98 which says 1 gill = 4 fluid ounces 
(which is correct in US liquid measure) having 
already stated that there are 20 fl oz in an 
Imperial pint. 

The derivation of the word barometer is from 
the Greek baros — weight, metron — measure, 
and relates to the Italian physicist Evangelista 
Torricelli’s concept of the Earth’s atmosphere 
having weight and thus exerting pressure on the 
Earth’s surface, which he first measured in 
1644. 

The OED records the first use of the word as 
being in 1665 by Robert Boyle. This was well 
before the report of the Paris Academy of 
Sciences in 1791 which included the essentials 
of the metric system and the international treaty 
in 1875 establishing the International Bureau of 
Weights and Measures, so the bar as a unit of 
pressure (1,000,000 dynes/sq. cm) had not been 
devised when barometer was first used. Sorry 
JB, the bar in barometer has no connection with 
the unit of pressure. 

Barry Taylor, via the Net 


Interesting comments, Barry (and we recall 
that you have spent some time in Southern 
Hemispheres). 

I concur with you on the (Ancient) Greek ori- 
gin for barometer, and actually quoted it in my 
Altimeter projects in EPE Sept ’98 and Nov ’92. 
However, interesting as the history is, I still 
have no problem with what I actually said in my 
reply to the Hot Bars letter of June ’99. Since 
bar also derives from the Greek, irrespective of 
when the term was formally adopted as a unit, 
it seemed appropriate to “Anglicise” as I did, 
although I could have been more formal and 
made reference to origins of Bapos and 
Métpov. . 

Modern Greek, by the way, still retains the 
same two words, although baros is pronounced 
more like “varos” as the modern pronunciation 
of B (beta) has changed. The word “bar” (as in 
drinking hostelry!) is now encountered as being 
spelt “mpar” (unmap), the “mp” being 
pronounced as “b” is in English. 

Incidentally, my info gives 1643 as the year 
that Torricelli made the first mercury barometer, 
and in doing so made the first vacuum known to 
science. Apparently it was Otto von Guericke 
who was the first to use a barometer to forecast 
weather, in 1660. 

Thanks for another interesting contribution to 
our various debates. 
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NO TABBING 

Dear EPE, 

Using Toolkit Mk2 with a TASM text file I 
have written for a project I’ve been working on, 
I cannot assemble the .ASM file to binary .OBJ, 
receiving the message “63 Errors”’. 

Dave Buck, via the Net 


To cut short the story, I examined Dave's file 
and found that he had been using the Tab key 
instead of spaces. The Tab is a command key and 
is not recognised by the Toolkit software as legit- 
imate ASCII text data. The Tab does not actually 
create spaces in the file being written but puts in 
a single control character of ASCII 9. 

When Toolkit Mk2 assembles a text file it looks 
for the space character (ASCII 32) as the sepa- 
rators between fields (columns). If it finds ASCII 
9 instead of a space, the correct field separation 
is not made and data is incorrectly interpreted, 
in Dave’s case many of his PIC commands were 
being seen as Labels. 

I have heard back from Dave who reports suc- 
cess after removing the Tab commands. 

(PS please do not send me code files that you 
have written and can’t get to work —I don’t offer 
a debugging service! Dave’s situation was dif- 
ferent and had me puzzled by what he said in his 
first E-mail.) 


WINDOWS 98 PORT SPOOLING 

Dear EPE, 

Regarding Thomas Walton’s TASM Send 
problem (Readout May ’99), it may be that his 
Windows 98 is spooling data to the printer port. 
I had a similar problem when programming a 
parallel relay card in QuickBASIC. 

Spooling means that data will be significantly 
slowed down. It is only really necessary for more 
advanced Windows programs (MS Word etc). To 
prevent spooling in MS-DOS programs, go to 
My Computer and open the Printers folder. 
Now right-click the default printer and select 
Properties. In the window that appears click the 
Details tab and then click Port settings. Now 
uncheck the Spool MS-DOS print jobs and 
click OK. I do not know why Windows 95 wasn’t 
spooling Thomas’s Send yet Windows 98 was. 
Maybe the printer driver’s defaults were restored 
during the upgrade. 
Graeme Yeo, via the Net 


Thanks Graeme for this information. It could 
well prove useful to many readers who have 
upgraded to Windows 98. 


PC PORT IDENTIFYING 

Dear EPE, 

I have seen from Readout on several occasions 
that some readers have had difficulty in identify- 
ing LPT ports for use with PIC Programmers, 
etc. The following program may be of help: 


40 DEF SEG = 0 

50 A = PEEK(1032) + 256 * PEEK(1033) 
60 B = PEEK(1034) + 256 * PEEK(1035) 
70 C = PEEK(1036) + 256 * PEEK(1037) 
80 PRINT “LPT1 AT ‘’; HEX$(A) 

90 PRINT “LPT2 AT ‘’; HEX$(B) 

100 PRINT “LPT3 AT ‘’ HEX$(C) 

110 DEF SEG 


The remarks regarding LPT output lines not 
shifting between OV and 5V may well be an 
issue. I think it is a good idea to buffer each line 
to and from the LPT port as a matter of principle. 

David McCloy, via the Net 


Thank you. The same information can also be 
obtained with many machines by typing MSD 
(standing for Microsoft Diagnostics) from MS- 
DOS mode. This causes a diagnostic screen to 
display information about many aspects of your 
system. 

Yes, it is agreed that buffering port I/O lines is 
beneficial. This was done for the PIC Toolkit 
Mk2 (May-June ‘98) and the 8-Channel 
Analogue Data Logger (this issue). 
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DELPHI, CCTV 

Dear EPE, 

Many thanks for the kind words about my 
website in the June ‘99 Interface, but more 
importantly, thank you for promoting the excel- 
lent Delphi software. I have updated 
www.arunet.co.uk/tkboyd/elelpp.htm so that 
it now covers how to access a Windows 95 or 98 
parallel port. 

Also, I bought one of the litthke CCTV cam- 


_eras before seeing your special offer for them. 


Can you point me to an old EPE project or 
some other source for a still frame grabber? I 
want to work up a security application which 
will record still images from the CCTV on a 
PC’s hard disk. 

Tom Boyd, via the Net 


Regrettably, my CCD TV Camera’s software 
(Mar-Apr '94) was specific to the CCD chip I 
used in it. Whilst frame grabbing was one of the 
functions available, it would be too complex to 
re-write the code to suit the little cameras to 
which you refer. Does any reader know of a 
circuit Tom might try? 

Thanks for the previous informative E-mail 
about more Delphi port procedures, but perhaps 
its best if people read such codes via your superb 
website. 


FLOPPY RADIO 

Dear EPE, 

Regarding the Mechanical Radio of April 
"99. I have found that the stepper motor off an 
old floppy drive works real dandy! No gear 
ratios are needed, just attach a simple handle to 
the shaft and a speed of about 10 r.p.m. is 
sufficient to generate 3V. Dead right for my 
little radio. I charge two penlight NiCad cells 
with it. 

Martin Gouws, 
Randfontein, South Africa, via the Net 


Neat! 


PhizzyWIZZ 

Dear EPE, 

From the deepest corners of darkest Africa, I 
wish to express my gratitude to all involved with 
the wonderful PhizzyB project (Nov ‘98 to June 
’99). It has been gangs of fun. 

Graham, via the Net 


Graham's E-mail has wizzed around the globe 
a bit before ending up on my PC. In the process 
his surname has gone astray (hope it turns up 
before he misses it!). Ports of call include Max 
and Alvin in the USA, Alan W in Lincolnshire 
UK, Mike K here at HQ. We think Graham lives 
in Zanzibar. 

We all express thanks to him for taking the 
time to let us know that he appreciates 
PhizzyB. It’s not often readers write to just say 
how good things are, they usually only write 
when they have problems (but we are pleased 
to help where possible). So, Graham, from the 
rustic corners of Historic Wimborne Minster, 
salutations! 


ARCTIC SUNDIAL 

Dear EPE, 

I was horrified to read the following comment 
in the Musical Sundial project of May ’99: “who 
in their right mind is going to be looking at sun- 
dials at 4 a.m.?” 

But what about your faithful readers in Artic 
Climes, where the sun shines for 24 hours a day 
for six months of the year. I feel that a Letter to 
the Times is in order. 

(We know who he is and shall not give him 

the pleasure of naming him), via the Net! 


Editor Mike’s response to the threat is that the 
publicity would do us good! Yours truly, a 
Midlander born and (un?)bred, Articulates that 
he did not mean to exclude those who live North 
of the Watford Gap! 


CENTURY BUG 

Dear EPE, 

Now that the general public has adopted the 
phrase “Millennium Bug”’, maybe it’s too late to 
tell everyone it should actually be called the 
“Century Bug”! If technological history had 
been shifted by a multiple of 100 years in either 
direction, then we would still have the same fears 
in changing the year from 99 to 00. The problem 
would still be apparent if we were now in the 
1890s of 2090s. 

Perhaps it was named by the same person who 
labelled the American Cold War deterrent as 
“Star Wars’ when there were no stars involved at 
all! Just a blue-green planet! 

Richard Wilkinson, 
via the Net 


The Millennium reference inspires my imagi- 
nation more, perhaps, than the Century would. 
Whilst, we are aware that the whole concept of 
the Millennium change leaves some people utter- 
ly uninterested, it seems that society in general 
just loves celebrating anniversaries, so why not 
this one? I look forward to visiting the Dome, 
whatever the cost. 

Incidentally, it’s amusing to see how the word 
Millennium is spelt wrongly in so many places 
(we’ve done so as well). A flower shop sign I saw 
recently in Jersey stating “Order your 
Minnellium flowers now’, was especially 
entertaining! 

But, no stars? There were thousands of stars — 
amongst the Generals who were all offering their 
10 (billion) cents worth of input! 


MILLENNIUM SOLUTION 

Dear EPE, 

A friend sent this advice to me and I thought 
it worth passing on: if your VCR doesn’t work in 
the year 2000, do not throw it away, set it on year 
1972 because the days will be the same as year 
2000! 

Lloyd Kirk, via the Net 


We too pass it on (but untested)! 


RINGING PRAISE 

Dear EPE, 

The MIDI Handbells project (May ’99) is 
great! I have an interest in percussion and so I 
have changed the project a little to make a 
MIDI drum kit. I have altered the PIC program 
to use MIDI channel 10 (drum channel) and to 
use different notes (one for cymbal, one for 
snare drum, etc). Also, instead of the “hand- 
bells” I am using metal pads connected to 
resistors R1 to R11 and metal drum sticks con- 
nected to +V. When a pad is hit, +V is con- 
nected via a resistor to the appropriate pin of 
the PIC. 

Graeme Yeo, via the Net 


We like to hear that people are making use of 
design ideas in order to achieve their “own 
thing”. This is yet another way in which readers 
benefit from our pages — being shown alternative 
ways of doing things and then adapting the 
ideas. 


A TOWSON THANKS! 

Dear EPE, 

I picked up my first copy of EPE at my local 
store here in Towson, USA. I want to let you 
know that I think your magazine is terrific! The 
articles are interesting, well written, page lay- 
out is clear, schematics detailed. I particularly 
like the large space allocated for the parts list, 
which is in stark contrast to the almost after- 
thought like approach seen in some US 
periodicals. 

Keep up the great job! Consider me another 
fan across the big pond. 

R. Saffery, Towson, USA, via the Net 


Consider yourself well and truly welcomed by 
the EPE team! 
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SURVEILLANCE KITS 


Sepia Technologies Ltd specialise in the production of top quality surveillance kits 
designed to operate on either FM/Air band frequencies. All kits are supplied with easy 
to follow instructions. Circuit diagrams and high quality components and pc.b.s 





TRANSMITTING PEN KIT 


A breakthrough. When 
assembled this quality Sheafer 
pen appears just like any other 
@ working pen, yet concealed 
P inside is a fully working micro 

miniature transmitter with its own 
internal power supply (3 x button 
cells). It will pick up the slightest 
whisper and transmit over a range of up 
to 500m. 


ONLY £27.95 inc. P&P 


All parts included except batteries. 


ROOM MONITORING KITS 


UMTX ULTRA MICRO ROOM TRANSMITTER 
ONLY £14.95 inc. P&P 

Without a doubt the smallest transmitter kit in the world — only 
10mm x 16mm, powered by 3V-12V. Range up to 1000m. 


SMTX SUPER MICRO ROOM TRANSMITTER KIT 
ONLY £12.95 inc. P&P 

Micro-sized transmitter kit, only 20mm x 20mm — the most popular 
by far. Range up to 1200m, powered by 3V-12V. 


HPTX HIGH POWERED ROOM TRANSMITTER KIT 
ONLY £14.95 inc. P&P 

A high powered micro transmitter kit, yet still only 24mm x 24mm. 
Range up to 1800m, powered by 6V-12V. 


UPTX ULTRA HI-POWER ROOM TRANSMITTER KIT 
ONLY £17.95 inc. P&P 

Ultra high power transmitter kit with a superb range of 3000m, yet 
still only measures 16mm x 38mm, powered by 9V-12V. 


VTX VOICE-ACTIVATED ROOM TRANSMITTER KIT 
ONLY £18.95 inc. P&P 

A variable sensitivity controlled Vox circuit which activates its own 
transmitting circuit from the slightest whisper. Only 20mm x 65mm. 
Range up to 1200m, powered by 9V-12V. 


MPTX MAINS POWERED ROOM TRANSMITTER 
ONLY £18.95 inc. P&P 

A powerful transmitter kit measuring only 30mm x 40mm including 
power supply circuit. Range up to 1000m. Can be concealed any- 
where!!! 110V/240V. 


COUNTER SURVEILLANCE KITS 


RFD BUG DETECTOR 

ONLY £29.95 inc. P&P 

A pocket-size kit only 40mm x 50mm which will locate all those 
hidden bugs. L.E.D. and sounder with gain control to pinpoint 
devices. 9V required. 


RFD Il BUG DETECTOR 
ONLY £44.95 inc. P&P 
A professional unit with multi L.E.D. readout, sounder and audio 


HOW TO ORDER 

BY POST 

Please send cheque or money orders (cash by 
registered post). Overseas customers please add £5.00 per order. 
BY PHONE 

7.30 am to 9 pm — 7 days 

We accept all major credit cards. 

Immediate despatch. 










SEPIA TECHNOLOGIES LTD 


2 DUKE STREET 
SUTTON COLDFIELD 
WEST MIDLANDS 


ADAPTOR BUG KIT 


ADT When assembled this appears 

just like any other fully 
functioning two-way mains 

adaptor, yet concealed 

_ inside is a powerful mains 

powered transmitter which 

will pick up the slightest 

~ whisper and transmit up to 
1000m. Ideal bugging device — 

just plug in and go. 


ONLY £24.95 inc. P&P 


All parts required included. 







confirm. Will also locate most telephone devices. 9V required. Only 
60mm x 100mm. 


TELEPHONE MONITORING KITS 


MTTX MICRO TELEPHONE TRANSMITTER KIT 
ONLY £14.95 inc. P&P 

Smallest kit available — only 10mm x 18mm, powered by the tele- 
phone line. Transmits only when phone is in use. Range up to 
1000m. 


“fe MINIATURE TELEPHONE TRANSMITTER 
ONLY £12.95 inc. P&P 

Measures only 20mm x 15mm. Powered by line, with a range up to 
1500m. Transmits only when phone is in use. 


HTTX HI-POWER TELEPHONE TRANSMITTER KIT 
ONLY £15.95 inc. P&P 

The most powerful available, up to 3000m — yet still only 20mm x 
30mm. Transmits only when phone is in use. Line powered. 


ATS TELEPHONE RECORDING INTERFACE KIT 
ONLY £12.95 inc. P&P 

Connects between telephone line and cassette recorder. 
Automatically switches on tape when phone is used. Powered by 
line. Only 15mm x 25mm. 


TRACKING TRANSMITTER KIT 


TTX ll TRACKING TRANSMITTER KIT 

ONLY £19.95 inc. P&P 

Ideal for tracking applications, gives out a continuous signal — fully 
variable. Range up to 3000m, yet only 25mm x 55mm. 9V-12V 
power. Complete with details of how to adapt a receiver to 
locate/trace. 


ROOM/TELEPHONE TRANSMITTER KIT 


RTTX ROOM AND TELEPHONE TRANSMITTER KIT 
ONLY £24.95 inc. P&P 


A breakthrough — this line-powered unit will transmit all telephone 
conversations when phone is in use, then when the call ends it will 
monitor and transmit all room conversations. 35mm x 35mm. 
Range up to 1200m. 


TEL: 0121 362 1862 
FAX 0121 362 1881 
E-MAIL: sepiatek@aol.com 


B72 1RJ 


VISITORS BY APPOINTMENT ONLY 
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Starter Project 


FREEZER 
ALARM 








ROBERT PENFOLD 


For a small outlay you could 
save yourself from an expensive 


“thaw-out ”. 


IKE most modern gadgets, freezers 

: offer excellent reliability and 

roblems with them are extremely 

rare. It is easy to be lulled into a false sense 

of security by this reliability, and like every 

other gadget freezers can and do go wrong 
occasionally. 

If the problem is not spotted in time the 
likely result is a great deal of wasted food. 
Unfortunately, unless smoke starts to pour 
out the back of the freezer it is unlikely that 
the problem will be noticed until the food 
has defrosted and you are confronted with 
a soggy mess. 

This very simple alarm project provides 
an early warning of problems by sounding 
an audible alarm if the temperature inside 
the freezer rises above a preset threshold 
level. The user is alerted to the fault long 
before the food has a chance to defrost, and 
hopefully in time to get the problem fixed 
before the food is ruined. 

The circuit is battery powered and is 
therefore immune to failure of the mains 
supply. Although the unit must be left run- 
ning continuously, the current consumption 
has been kept to a very low level that 
ensures each set of battery has virtually its 
“shelf” life. 


CIRCUIT OPERATION 


The full circuit diagram for the Freezer 
Alarm is shown in Fig.1 and is an ideal 
“starter project” for the newcomer to elec- 
tronics. The temperature sensor is a negative 
temperature coefficient thermistor (R3), and 
this is effectively a resistor whose value 
changes with variations in temperature. The 
higher the temperature of the thermistor, the 
lower its resistance becomes. 

A form of bridge circuit is used, with 
thermistor R3 and resistor R4 forming one 
arm of the bridge. Resistors R1 and R2 
together with potentiometer VR1 form the 
other section of the bridge circuit. 

Each arm of the bridge generates an 
output voltage that is some fraction of the 
supply voltage. The output voltage from 
thermistor R3 and R4 depends on the resis- 
tance of the thermistor, and the circuit is 
designed so that under normal operating 
conditions the resistance of R3 is very 
similar to that of R4 (about 680 kilohms). 
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This gives approximately half the supply 
potential from this section of the bridge. If 
the thermistor is made colder its resistance 
rises, and the output voltage from that side 
of the bridge reduces. Conversely, if its 
temperature is increased, its resistance 
falls, causing the output voltage to increase. 

The output potential from the other sec- 
tion of the bridge is dependent on the set- 
ting of potentiometer VR1. The wiper 
(moving contact) voltage of VR1 can be set 
to anything from one third of the supply 
potential to two thirds of the supply volt- 
age. In practice this is adjusted for an out- 
put voltage that is fractionally higher than 
the output voltage from the other arm of the 
bridge. 











Consequently, only a minute voltage is 
needed across the inputs in order to send 
the output fully positive or negative. The 
output goes positive if the non-inverting 
input (pin 3) is at the higher potential, or 
negative if this input is at the lower 
voltage. 

In this case VR1 is adjusted so that the 
inverting input (pin 2) is at the higher volt- 
age under normal conditions, which sends 
the output of IC] (pin 6) to a very low volt- 
age. This results in switching transistor 
TRI being turned off, and no power is sup- 
plied to warning device (buzzer) WD1. 

However, if the freezer fails and the tem- 
perature of thermistor R3 rises slightly, its 
resistance falls and the voltage supplied to 
IC1’s non-inverting input (pin 3) increases. 
This takes the non-inverting input to a 
higher voltage than the inverting input, and 
the output of ICI then goes high. This 
switches on transistor TR1, which in turn 
activates warning device WD1. The circuit 
therefore provides the desired effect, with a 


S1 


D 


Fig.1. Complete circuit diagram for the Freezer Alarm. Component designated R3 


is the thermistor temperature sensor. 


VOLTAGE 
COMPARATOR 


In this circuit an operational amplifier 
(op.amp), IC1, is used as a voltage com- 
parator. An operational amplifier amplifies 
the voltage difference across its two inputs, 
and at d.c. it provides an extremely high 
voltage gain. A theoretical operational 
amplifier has infinite voltage gain, but a 
typical “real world” device exhibits a volt- 
age gain of about 100,000. 


warning being provided if thermistor R3 is 
taken above the threshold temperature set 
using control VR1. 

It is possible that buzzer WD1 will pro- 
vide a highly inductive load for transistor 
TR1, and protection diode D1 has been 
included to protect TR1 from any high 
reverse voltages that are generated. 
Capacitor C2 and C3 help to prevent elec- 
trical noise from giving erratic operation 
when R3 is very close to the threshold 
temperature. 


Everyday Practical Electronics/ETI, August 1999 


PRACTICAL APPROACH 


A bridge circuit and a thermistor may 
seem to be a slightly old fashioned solution 
to temperature sensing, but this arrange- 
ment often represents the most practical 
approach in applications that only require a 
certain temperature to be sensed rather than 
precise temperature measurement. 

A major advantage of this type of circuit 
is that it is inherently stable. The tempera- 
ture at which the bridge balances and the 
output voltages are equal is not affected by 
changes in the supply potential. The 
inevitable changes in the battery voltage 
due to ageing consequently have no affect 
on the accuracy of the unit. 

For battery operation to be a practical 
proposition it is essential for the circuit to 
have a very low current consumption. For 
this reason IC1 must be a low power 
op.amp, and it must also be capable of 
working reasonably well on a 6V supply. 
The LF441CN works well in this circuit, 
but the use of alternative op.amps is not 
recommended. 





The use of a high value thermistor also 
helps to minimise the battery drain. 
Although R3 has a nominal resistance of 47 
kilohms, this is its resistance at +25°C. In 
this application it will operate at a much 
lower temperature of around — 20°C where 
its resistance is over ten times higher. 

The high resistance through R1, VR1, 
and R2 also helps to minimise the current 
consumption. The total current consump- 
tion of the circuit is typically under 200 
MA, which should provide many months of 
continuous operation from even the cheap- 
est of AA batteries. 


CONSTRUCTION 


The Freezer Alarm project utilizes the 
EPE multi-project printed circuit board 
(p.c.b.). The component layout and wiring, 
together with the actual size copper foil 
master pattern, are shown in Fig.2. This 
board is available from the EPE PCB 
Service, code 932. 

The usual words of caution about using 
this particular board have to be given. The 
majority of the holes in the board are left 
unused, making it relatively easy to get a 
component in the wrong place. It is there- 
fore essential to take a little more care than 
usual when fitting the components onto the 
board. 

In all other respects construction of the 
board is mainly straightforward. The 
LF441CN used for IC1 has a j.f.e.t. input 
stage that does not require anti-static hand- 
ling precautions, but it is still advisable to 
use an i.c. holder for this component. Be 







careful to fit the three capacitors and diode 


D1 the right way round, and leave D1 until 
last. 

Close tolerance metal film resistors are 
specified in the components list, and it is 
definitely advisable to use high quality 
resistors if the unit will be used in a garage 
or other outbuilding where the ambient 
temperature is likely to vary over a wide 
range. Ordinary five per cent tolerance car- 
bon film resistors should suffice if the 
alarm will only be used indoors. 

Capacitor C3 must be a good quality 
electrolytic or tantalum capacitor. Other- 
wise any leakage through this component 
could impair the performance of the circuit. 

A single link-wire is needed, and this can 
be made from a piece of wire trimmed from 
a resistor leadout. Fit single-sided solder 
pins at the points on the board where lead- 
off connections will eventually be made to 
thermistor R3, buzzer WD1, the battery 
connector, switch S1 and temperature con- 
trol VR1. The tops of these pins should be 
generously “tinned”’ with solder. 


FINAL ASSEMBLY 


A small to medium size plastic case is 
adequate for this project. Very small boxes 
are unlikely to be suitable as they will not 
accommodate the battery pack which con- 
sists of four AA-size cells in a plastic hold- 
er. The connections to the holder are made 
by way of an ordinary PP3 battery 
connector. 

From the mechanical point of view con- 
struction offers little out of the ordinary, but 
the buzzer (WD1) has unusual mounting 
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‘Potentiometer 





RED 
(+VE) 


TO BATTERY B1 


(-VE) 





Fig.2. Multi-project printed circuit board component layout, inter- 
wiring and full-size copper foil master. Double-check layout as 
not all holes are used. 


COMPONENTS 


Resistors 
R1, R2 100k (2 off) 
R3 47k bead N.T.C. thermistor 
R4 680k 
R5 2k2 


ee 
R6 1k5 
All 0:25W 1% metal film SOP 
except R3 (see text) TALK 


page 
VR1 100k carbon rotary, lin 


Capacitors | | 
C1 100u radial elect. 10V 
C2, C3 2u2 radial elect. 50V 

(2 off) 


Semiconductors 
D1 1N4148 signal diode 
TR1 BC549 npn silicon 
transistor 
IC1 LF441CN low power 
op.amp 


Miscellaneous 

B1 6V battery pack (4xAA 

cells in holder) 

S1 S.p.s.t. min toggle switch 

WD1 6V min. d.c. buzzer 

Printed circuit board available from the 
EPE PCB Service, code 932; medium 
size plastic case; PP3 battery connector; 
control knob; approx. 36s.w.g. (0-19mm) 
enamelled copper wire; multistrand con- 
necting wire; solder pins; solder, etc. 


£12 


excluding batts. 


yo} eo} ce) dam Orel s 
Guidance Only 
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requirements. The easiest way to mount 
this device is to fit it on the front surface of 
the front panel, see photographs. It is then 
only necessary to make two small mount- 
ing holes for the M2-5 or 8BA mounting 
bolts, plus a third to permit the two “fly- 
ing”’ leads to pass into the case. 

Alternatively, it can be mounted on the 
rear surface of the panel if a rectangular 
cutout for the body of the component is 
made in the panel. Note that modern 
buzzers invariably require the supply to 
have the correct polarity, and that the red 
and black leads must be connected in the 
manner shown in Fig.2. 


THERMISTOR SITING 


Obviously, the thermistor R3 must be 
mounted inside the freezer and not in the 
alarm unit. It must be connected to the 
alarm circuit by way of very fine wires that 
will enable the lid or door of the freezer to 
shut properly. A thin gauge of enamelled 
copper wire is probably the best choice and 
something like 34s.w.g. to 38s.w.g. (0-236 
to 0-15mm dia.) wire is a good choice. The 
connecting wires can be a few metres long 
if necessary. 

Stripping the insulation from the ends of 
the wires can be awkward because normal 
wire strippers do not work well (if at all) 
with thin wire of this type. It is a matter of 
carefully scraping away the insulation using 
a modelling knife or a small file. Then “tin” 
the ends of the wires with solder. 

The wires can be connected to the circuit 
board via a plug and socket or a connector 
block, but direct connection to the circuit 
board is cheaper and easier. A small 
entrance hole about one or two millimetres 
in diameter must be drilled in the rear panel 
of the case. 
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(above) Front 
panel layout ~ 
showing the 
mounting of the 
warning buzzer. 


(right) Positioning 
of components 
inside the two 
halves of the case. 
Note the space for 
the battery pack. 


IN USE 


It is advisable to position the tempera- 
ture sensor (R3) well into the freezer 
where it will not be subjected to large rises 
in temperature every time the freezer is 
opened. Leave the sensor in place for a 
few minutes before switching on the alarm 
so that the sensor has time to adjust to the 
temperature inside the freezer. After 
switch-on it takes several seconds for the 
voltages to settle down to their normal 
operating levels. 

By adjusting Temperature control VR1 it 
should be possible to switch the buzzer on 
or off. Adjust it just far enough in a clock- 
wise direction to activate the buzzer, and 
then back it off very slowly and carefully in 
a counter-clockwise direction to switch the 
buzzer off again. The alarm should now 
exhibit good sensitivity, and removing the 
sensor from the freezer should result in the 
alarm sounding almost immediately. 

If the unit seems to be malfunctioning in 
any way, switch off immediately and 
recheck all the wiring. If the alarm is found 
to be too sensitive in use, with frequent 
false alarms, back off control VR1 fraction- 
ally in a counter-clockwise direction. 


(left) The completed 
p.c.b. Note the small 
link wire at the top left 
corner, next to the 
transistor. 





LOW-BUDGET 
SHORTWAVE 
RECEIVER 


Don't miss out! 








NEXT STARTER PROJECT - 4 


Place an order with your Newsa 


POWER CHECK 


Each set of batteries is likely to last a 
year or more, but it is advisable to check 
the unit about once a month to ensure that 
they are still in good condition. To do this, 
simply adjust VR1 in a clockwise direction 
to activate the alarm. 

If the buzzer operates at full volume the 
batteries are in good condition. Control 
VR1 is then set back to its normal operat- 
ing position. If the volume is low, or starts 
at the normal level but noticeably falls 
away after a few seconds, it is time to 
replace the batteries. 


OTHER APPLICATIONS 


It should be possible to modify the unit 
for operation in other applications that 
require a totally different threshold temper- 
ature. It is just a matter of altering the value 
of resistor R4. 

The value of resistor R4 should be 
approximately equal to the resistance of the 
thermistor (R3) at the required threshold 
temperature (e.g. 47k at 25°C and 3k at 
100°C). It is possible to obtain satisfactory 
results with threshold temperatures from 
about — 20°C to +100°C. 

However, note that the current through 
the sensor circuit increases significantly 
when high threshold temperatures are used, 
giving reduced battery life. Operation at 
temperatures in the region of — 20°C is pos- 
sible simply by adjusting control VR1 for 
the correct threshold temperature. CJ 
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CD-ROM and ‘phone your order through to our 24 hour orderline - any day of the week. 


Helplines, to answer more specific enquiries, 
relating to your actual intended application. 


At just £3.99, the Electromail CD-ROM gives 
you everything at your fingertips, with the 










HOW TOORDER Te 6 4( 


Please quote stock number 332-3996 when ordering, and have your 


credit card information available. 


Advertisement 


Please supply me : 





This general purpose panel meter contains high contrast 13mm characters with 
polarity and over range range annunciators. Two on board resistors select either : 


Vann Draper is offering over 30% discount to readers of Everyday Practical : ne: 
Electronics on their PM128 3.5 digit LCD panel meter. ' Address : 
The PM128 normally sells at an already low price of £12.87 but is available to | 
readers of EPE magazine for just £8.95 fully inclusive of vat and delivery. 
The main features include single 9-12V operation, auto polarity, decimal ' Tel no: 
point selection, high input impedance and an accuracy of 0.5% ! 

' Total £........ 


200mV, 2V, 20V or 200V ranges and the meter maybe used for a number of 


To order simply post the coupon to Vann Draper Electronics Ltd at 
Unit 5, Premier Works, Canal St, South Wigston, Leicester LE18 2PL. 
Alternatively telephone 0116 2771400, or fax 0116 2773945. 


applications including a digital voltmeter, ammeter and frequency meter. ere: 

The PM128 digital panel meter is supplied complete with front panel mounting 7 Nee 

bezel, operating instructions and a 12 month guarantee. : Expiry date : 
' Signature : 





The Electromail CD-ROM Catalogue contains more than 100,000 technical products, all available 
from stock for same or next day despatch. All you have to do is make your selection from the 


Our sister company, RS Components, is the U.K.’s largest distributor of electronic, electrical and mechanical 
products to technical professionals. The Electromail CD-ROM makes this extensive product range available to 
technical hobbyists and small businesses, and there's a comprehensive library of product datasheets already on 
the CD-ROM which contain detailed information on the majority of our product range. There are also Technical 





service back-up which is second to none. Electromail, P.O. Box 33, Corby, Northants. NN17 9EL. 
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Use this coupon for your order 


PM128 panel meter(s) at £8.95 inc vat & del 


Cheques payable to Vann Draper Electronics Ltd 
| Or debit my visa, master, access or switch card : 
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The new HICTGFE//7 microcontroler offers versatile 
analogue Gata logging opportunities. 


HERE are three reasons why the author 
designed this versatile yet compact 
Data Logger: 
* To get to know more about Microchip’s 
new PIC16F87x family 
* To monitor the EPE Musical Sundial 
and record sunlight conditions 
* Several readers had suggested that one 
should be published in EPE 
During this article, reference is made to 
the following EPE subject material: 
* PIC Tutorial (Mar-May ’98) 
* PICtutor (CD-ROM version of the PJC 
Tutorial) 
* PIC Toolkit Mk1 (Jul ’98) 
* PIC Toolkit Mk2 (May-Jun ’99) 
* Musical Sundial (Jun ’99) 
* PICI6F87x Review (Apr ’99) 
* Virtual Scope (Jan-Feb ’98) 


PIC PROGRESSION 

Whilst we should not forget that 
Microchip manufacture many different 
types of PIC microcontroller, up to now it 


has principally been the PIC16x84 variants 
that have dominated the EPE readership 
scene. This is entirely due to the EEPROM- 
based technology of these PICs, allowing 
easy in-situ reprogramming and on-going 
development of program code. 

However, as we have been foretelling for 
some months, we now have even greater 
programming and control opportunities 
available, through the new PIC16F87x 
family. To EPE readers, these are likely to 
find even greater acceptance. 

First of all because they can, at the sim- 
plest level, be used in place of the 
PIC16x84s when greater programming 
memory (up to 8 kilobytes) is required. 
They can be programmed almost identical- 
ly using the same set of command codes. 

Secondly, they are much more powerful 
than the ’84s, as was outlined in the 
PICI6F87x Review. They have, for exam- 
ple, up to eight channels of analogue to dig- 
ital conversion available; they can be used 
for serial communications input/output at 





controllable baud rates; they can write to 
and read from addressable serial data mem- 
ories; apart from enlarged program memo- 
ries, they also have increased on-chip 
EEPROM data memory capacity; their spe- 
cial register set is much larger; they can 
operate at up to 20MHz. 


TUTORIALLY SPEAKING 


It is some of these attributes that are put to 
use now in this Data Logger. In a follow-up 
article (PICI6F87x Mini Tutorial), a closer 
look is taken at how the PIC16F87x family 
can be programmed to implement them. 

This double article, therefore, represents 
not only a highly useful constructional pro- 
ject, but also a mini tutorial, with particular 
reference to the PIC16F877. The Tutorial is 
not full in-depth coverage but, if you 
already know about using other PICs, it 
will certainly get you started with using the 
new devices for yourself. | 

After reading both articles, you should 
have a pretty good idea about the following 
aspects of the PIC16F87x family: 

@ Using PORTA and PORTE for digital 
input/output or analogue data input 

@ Analogue-to-digital conversion 
(ADC) 

@ Storing and retrieving data bytes 
using the PIC’s internal EEPROM memory 

@ Storing and retrieving data bytes 
using external serial memory chips 

@ Transmitting serial data bytes to the 
outside world at different baud rates (up to 
9600 baud) 

We additionally tell you about: 

@ Using PIC Toolkit Mk2 to program 
PIC16F87x devices 

@ Using a PC to input serial data from 
PIC16F87x devices via the COM ports 

@ Inputting formatted serial data from 
all PIC analogue channels (up to eight) to 
Microsoft Excel for display and printout as 
text and graphs 

@ Formatting the serial data for display 
via the Virtual Scope 

@ Monitoring the Musical Sundial 

Details of the functions the Data Logger 
can perform are shown in Table 1. 
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Table 1. DATA LOGGER SPECIFICATIONS 


@ Up to 8 channels of analogue data input, 10-bit conversion 

@ Up to 8 channels of serial data storage and retrieval using on- 
board serial memory (up to 2 megabits) 

@ Analogue sampling rates selectable from 0-5 seconds to 62 sec- 
onds (one-second increments from first second upwards) 

@ Sample rate adjustable up or down using two switches 

@ External clock option selectable in place of internal sampling 
clock (allowing sample taking to be triggered by external 
source) 

@ Maximum sampling count limit switch-selectable from 255 
bytes to 16K bytes (subject to memory chips actually used — see 
later), stepped in powers of two. Continuous “no-limit’’ option 

@ Automatic cessation of sampling when count limit reached (no 
over-writing through count roll-over to zero unless required) 

@ Choice of non-volatile serial memory capacity (chip size), from 
32K bits to 256K bits per channel (2 megabits maximum in 
total) 

@ 10-bit ADC sampling resolution 

@ Sampled data value stored as two bytes 

@ Automatic non-volatile storage of current sampling count value 
when current data logging session ended 

@ Automatic non-volatile storage of Rate and Memory factors 

@ Recommencing data logging from same count at which previ- 
ous session ended (with 5-byte gap imposed) 

@ Option to reset logging count and other parameters at switch-on 

@ Simultaneous alphanumeric |.c.d. display of data value at time 
of sampling and as a recalled value following serial memory 
storage 

@ Switch-pressed selection of which channel’s data is shown on 
the I.c.d. during sampling 


@ Automatic recall of current count value plus Rate and Memory 
limit factors at switch on 

@ User-selected automatic serial transfer of recorded data to PC at 
9600 baud, each channel in turn (data also remains in on-board 
memory chips — count reset only occurs when requested by the 
user) 

@ Asynchronous 2-line (data plus ground line) transfer to PC via 
COM1 or COM2 

@ Data transfer to PC automatically limited to current count value 

@ Sampling can be interrupted at any time for data to be trans- 
ferred, after which sampling can be resumed from the previous 
count value. This option available as many times as required 

@ Data transfer as two bytes, 8-bit protocol, 0 parity, 1 stop bit 

@ Channel number being transferred displayed on I.c.d. 

@ Data input to PC via dedicated EPE serial-link software 
(QBasic/QuickBASIC and high-speed machine code sub-rou- 
tine, at 9600 Baud) 

@ EPE linking software simultaneously formats and stores data 
on hard disk (drive C) as: 

Eight uncorrected binary files 

Eight ASCII-converted numeric-value text files 

Microsoft Excel tabbed composite (all 8 channels) numeric- 
text file (8 columns, row count according to sample quantity) 

Four x dual-channel binary files for EPE Virtual Scope 

@ Choice of how many channels have data recording chips 
installed, from one to eight — may be upgraded to add more 
chips if fewer than eight first chosen) 

@ Data retained when switched off (even if battery removed) 

@ Digital buffers for data output and external clock input 

@ Prototype has run under DOS and Wins 3.1/95, on 20MHz ’386 


@ L.C.D. display of elapsed time for current sampling session 


@ L.C.D. display of current count value 


LOGGING CIRCUIT 


Despite the obvious complexity of what 
this Data Logger can do, the circuit is 
remarkably simple, as are so many PIC- 
based designs. The complete circuit dia- 
gram is shown in Fig.1. 

Of the five integrated circuits shown, 
only two are actually essential to the cir- 
cuit’s operation: the PIC microcontroller 
IC1, and the serial EEPROM memory chip 
IC4. Apart from the liquid crystal display, 
X2, all other active devices are just benefi- 
cial voltage conditioners, whose roles will 
be discussed as we progress. 

What may not be immediately obvious is 
that, in fact, there are seven other serial 
EEPROM memories in parallel with IC4, 
namely IC5 to IC11. Each of the eight 
memories stores data for just one analogue 
channel and their circuit connections are 
identical to that shown for IC4. Note, 
though, that pull-up resistor R22 is com- 
mon to all eight devices. 

Analogue data is input to the eight chan- 
nels via sockets SK1 to SK8 and is fed to 
five inputs of IC4’s PORTA (RAO to RA3, 
plus RA5), and to the three inputs of 
PORTE (REO to RE2). These eight port 
connections are configured in software for 
analogue data input. 

Resistors R1 to R8 provide a degree of 
signal buffering to prevent data line conflict 
should the PORTA/E pins ever be active as 
outputs when coupled to a data source. 
Resistors R9 to R16 hold the data lines at 
ground level (OV) in the absence of data 
input sources. | 

Op.amp IC12, which in series with the 
data input line for channel 1, is an example 
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to 120MHz Pentium (Win ’98 compatibility unknown) 


@ Analogue signal input range OV to +5V 


of an active non-inverting buffer. Such a 
buffer allows signals from a high imped- 
ance source to be fed into the Data Logger 
without placing a significant load on that 
source. 

Ideally, the op.amp should be one suited 
to d.c. signal input and allowing a rail-to- 
rail voltage swing at its output. There are 
many instrumentation op.amps available 
for this type of function, such as the 
LT1218 for example (RS/Electromail). 
However, if the signal level swing required 
is typically between about 1V and 4V d.c., 
practically any normal op.amp should suf- 
fice, even a “standard”’ op.amp such as a 
type 741. 

It has been assumed, however, that most 
data sources likely to be used with the Data 
Logger will already have low-impedance 
signal outputs that do not require active 
buffering. This being the case, their inputs 
are fed directly into the PIC via the respec- 
tive resistors R2 to R8. It is also permissi- 
ble to omit IC12 (and resistor R17) and 
link channel | input from R1 to IC4 RAO. 
It is not permissible to input negative 
voltages. 

Should your data sources for channels 2 
to 8 not be low impedance types, repeats of 
IC12’s configuration can be constructed on 
a piece of stripboard. Insert a 470Q2 resistor 
in series with each non-inverting op.amp 
input (pin 3), and take the signal output 
from its pin 6 to the relevant socket, SK2 to 
SK8. 

The PIC and its software take the +5V 
and OV rails as being the reference voltages 
for A-to-D conversion. (As discussed in the 
forthcoming mini tutorial article, in other 





applications conversion can also be refer- 
enced to the voltage present on pins RA2 
and RA3.) 


L.C.D. MONITOR 


The liquid crystal display (l.c.d.) is a so- 
called “intelligent” alphanumeric device 
having two display lines, each having 16 
characters. 

The software routine used to drive the 
l.c.d. is the author’s “standardised”’ routine 
used with many EPE projects — it has 
become a “library” program that is merely 
imported to any software that requires an 
l.c.d. display. It will not be discussed here, 
other than to point out that the I.c.d. con- 
trast is controllable by use of VR1. 


SERIAL MEMORY 
CHAIN 


The chain of serial data chips (IC4 to 
IC11) is jointly controlled by the PIC’s 
PORTC. Pin RC3 provides the clock sig- 
nal, and RC4 carries the data. The data line 
is bidirectional, not only in terms of send- 
ing data to the memories or reading it 
back, but also in terms of exchanging 
hand-shake signals at strategic points in 
the automatic software cycles. A fair 
amount of program code is involved in this 
and it is considerably more complex than 
would be the case if parallel-data memo- 
ries were being used instead of serial 
access devices. 

To the user, though, such complexities 
are “transparent”, as they say. Whilst in 
some applications the use of serial rather 
than parallel storage would carry a timing 
penalty (serial is slower than parallel). This 
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Fig.1. Complete circuit diagram for the 8-Channel Analogue Data Logger. 


Data Logger does not require significantly 
high data exchange rates, consequently, 
serial devices provide a better data storage 
solution because of their greatly reduced 
size, and because fewer data and control 
lines are needed. 


The serial EEPROM devices used here | 


are manufactured by Microchip (who also 
manufacture the PIC) and require only two 


control lines (data and clock, plus ground), 
irrespective of how many there are in the 
chain (up to eight) or what capacity of data 
storage they provide. 

The memory with which the data is 
exchanged is determined by an address 
code sent out prior to each data byte being 
sent or read back. Eight different address 
codes are available, allowing up to eight 
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memories to be on the same control line 
pair. Each memory has three additional 
pins (AO to A2) to which a 3-bit code is 
hard-wired as part of the p.c.b. design (or 
can be set by switches in other design situ- 
ations). Only the memory whose hard- 
wired code matches the code transmitted 
by the PIC will respond, the others remain- 
ing inoperative at this time. 
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The configuration for the address pins of 
all eight possible memories is shown in the 
inset at the top right of Fig.1. Note that the 
address pins only need to be connected to 
the circuit if they are required to be set for 
logic 1 (connected to the +5V rail). All 
address pins have an internal pull-down 
resistor to OV and can be left unconnected 
if logic 0 is required on that pin. Hence IC4 
not having any apparent connections to its 
AO-A2 pins. 

The p.c.b. has the required address links 
incorporated as part of its tracking. You do 
not have to concern yourself with it. 
However, if you decide to omit some mem- 
ories, you should omit from the highest 
downwards. 

Instructions on whether the memory is to 
receive or play back data is also transmitted 
as part of the address code. 

The memory’s data pin is an open-col- 
lector terminal and requires the use of a 
pull-up resistor (R22 in Fig.1), typically of 
10kQ (although the data sheet discusses 
other value choices). Only a single resistor 
is required, whether the memory count is 
one or up to eight. 

If all eight memories are not used, their 
locations are still addressed by the soft- 
ware. The data bits read back from non- 
existent memories will all be at logic 1 
because of pull-up resistor R22. In this 
case, the value read for each of these bytes 
will be 255 (65535 for a double-byte word 
as used by the Data Logger). 

The prototype Data Logger used six 
Microchip 24LC256 (256 kilobits each) 
memories, leaving locations [C10 and IC11 
empty. The following Microchip 3-line ser- 
ial memory choices are suitable: 


Device Bit capacity Sample limit 
24LC256 =6256 kilobits 16 kilobytes 
24LC128 128 kilobits 8 kilobytes 
24LC64 64 kilobits 4 kilobytes 
24LC32 32 kilobits 2 kilobytes 


SWITCHED SELECTION 


Setting of the mode choices within the 
PIC’s software (as listed in brief in Table 1 
— Specifications) is made via switches S1 
to S3. Their use will be discussed more 
fully later. 

All three switches have pull-down resis- 
tors connected across them to prevent the 
PIC pins to which they are connected from 
going open circuit. Capacitor C10 is 
included across S1 to inhibit switch- 
bounce, a matter more fully taken care of in 
software. 


PC LINK 


Serial data is output to the PC-compati- 
ble computer using two wires — the data 
line plus a ground connection. Data is 
output from the PIC’s RC6 pin (the one 
dedicated within this type of PIC for data 
output under RS232-type serial protocols). 
An active data buffer is included on the out- 
put line, and is comprised of two 74HC04 
inverter gates, IC3b and IC3c. 

Connection to the computer’s COM 
port (either COM1 or COM2) is via 
SK11. This socket is a female 9-pin D- 
connector into which a PC’s standard 
COM port connector cable can _ be 
plugged, either directly or via an adaptor 
(25-pin down to 9-pin). By “standard’’ is 
meant the same type of connector cable as 
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COMPONENTS 


Resistors 
R1 to R8, 
R17 470Q (9 off 
R9 to R16 Ha 8 TALK 
(RM1) s.il. page 
commoned-resistor 
module 
R19 100k 
R18 1k 
R20 to R22 10k (3 off) 
Potentiometer 
VR1 10k min. preset, round 


Capacitors 
C1 
C2, C5 to 
C9 


22u radial elect. 16V 
100n min. ceramic, 
5mm spacing (6 off) 
10p polystyrene or min. 
ceramic, 5mm (2 off) 
C10 1u radial elect. 16V 


Semiconductors 
D 1N4148 signal diode 
PIC16F877 programmed 
microcontroller 
78L05 +5V voltage 
regulator, 100mA 
IC3 74HC04 hex inverter 
IC4 to 1C11 24LC256 serial EEPROM 
memory (8 off) (see 
text) 
IC12 op.amp (see text) 


Miscellaneous 
$1, S4 min. s.p.d.t. toggle switch 
(2 off) 

min. push-to-make switch 


C3, C4 


$2, $3 


(2 off) 

SK1 to SK10 sockets to suit (10 off) 

(see text) 

SK11 9-pin D-type female 
connector, panel 
mounting 

3.2768MHz crystal 

2-line, 16 character (per 
line) alphanumeric I.c.d. 
module 

Printed circuit board, available from the 

EPE PCB Service, code 237; 8-pin d.i.l. 
socket (9 off); 14-pin d.i.l. socket; 40-pin 
d.i.l. socket; plastic case with transparent 
lid (see text); Il.c.d. mounting plate (see 
text); 9V PP3 battery and clip; p.c.b. sup- 
ports to suit; connecting wire; solder etc. 


Approx. Cost e 43 
Guidance Only From 
(=) '(o4 Mam oF- 1 == 416 M1 0) 07, (=) oP 





is normally used between computers and 
modems. 

Note that although the Data Logger only 
requires to be connected to pins 2 and 5 of 
SK11, the COM port lead requires that 
other SK11 pins should be linked, as shown 
in Fig.l and the constructional diagram, 
Fig.2. 


EXTERNAL CLOCK 


Sixty-two sampling rates can be selected 
from the Data Logger’s internal clock (as 
discussed later). An external clocking rate 
can also be selected, whose voltage swing 
must conform to the “normal” +5V/0V 
range. Inverter IC3a buffers the clock input, 
and software inverts its output so that an 
externally positive-going signal is that 
responded to as the sampling trigger. 

Note that the elapsed-time clock display 
is inactive during external sampling (allow- 


ing faster sampling in this mode). 


MISCELLANY 

The PIC is operated at 3.2768MHz, as 
set by crystal X1. The clock rate is sub- 
divided in the software to control the data 
sampling rate and the elapsed-time 
display. 

Power is intended to be supplied by a 9V 
battery, with IC2 regulating the voltage 
down to +5V as required by the digital cir- 
cuitry. None of the circuit beyond IC2 
should be subjected to a voltage greater 
than +5V (+6V is definitely not allowed). If 
a greater voltage were to be applied, not 
only could the Data Logger chips die, but 
also the computer’s COM port to which it 
might be connected could seriously suffer. 
Switch S4 is the power on/off switch. 

Also included is the option to program 
the PIC16F877 while in-situ on the p.c.b., 
using PIC Toolkit Mk2 and its software. 
Resistor R18 and diode D1 allow the +12V 
programming and OV reset voltages to be 
safely applied to the circuit. 

The PIC’s PORTD is not used by the 
Data Logger, but there is plenty of program 
memory space available should readers 
want to add code to make use of it (for dig- 
ital data sampling, perhaps). 


CONSTRUCTION 


Details of the printed circuit board com- 
ponent layout and tracking are shown in 
Fig.2. This board (as always) is available 
from the EPE PCB Service, code 237. 

Commence assembly by inserting the 
wire links and then progress as you prefer, 
no doubt in size order. It is recommended 
that even if you don’t want to use eight 
channels/memories, you still insert the 
sockets for them all — you could well want 
to expand at a later date. 

It is also suggested that you use pin 
headers for all the off-board connections, 
particularly those for the I.c.d. Pin numbers 
are marked on I.c.d. modules. 

Regarding sockets SK1 to SK10, the 
author used ten 2mm _ single-sockets 
because they are compatible with practical- 
ly every other connection that he is every 
likely to use in his workshop. 

You are free to use whatever type of con- 
nector you choose, to suit your own equip- 
ment, preferences or whims. The choice 
might affect the size of case required, 
though. 


ENCLOSURE 


Apart from choosing the case size, you 
also need to decide if you want to use the 
Data Logger outdoors. If you do, it will 
need a case that is water resistant, even if 
not fully waterproof. 

Apart from excursions into the garden to 
monitor the Musical Sundial (more in Part 
2), it’s in the workshop the author expects 
to find prime use for the Data Logger. 
Consequently, a low-cost plastic case with 
a detachable see-through lid was chosen 
(saving the task of cutting an l.c.d. viewing 
hole in an ordinary box). 

The case seen in the photos measures 
150mm x 80mm x 75mm (I, w, h) but was 
really just a bit too small. It is suggested 
that the next size up should be chosen. 

The p.c.b. was secured to the base using 
“normal” p.c.b. supports. A rigid panel 
(unetched p.c.b. off-cut) was mounted 
above the p.c.b. using stacking p.c.b. pillars 
(the panel’s holes were first drilled in line 
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with the p.c.b. mounting holes below it). To 
this panel was mounted the l.c.d., again 
using “normal” p.c.b. supports (see 
photos). 


FIRST CHECKS 


Once you are content that a close-up 
examination of the assembled p.c.b. 
shows no signs of poor soldering or 
incorrectly placed components, a prelimi- 
nary power-up test should be made. For 
this test, regulator [C2 should be the only 
ic. inserted. Also leave the  l.c.d. 
unconnected. 

Connect a 9V battery or power supply 
and switch on. With a meter, check that 
+5V is present at the output of [C2, within 
about five per cent or so. 

If all is well, and with the power off, the 
PIC can now be inserted. Unless you intend 
to program it yourself, it should, of course 
have been pre-programmed, details of 
which service are quoted on the Shoptalk 
page in this issue. 

If you intend to program the PIC your- 
self then, unless you have a programmer 
capable of handling the PIC16F87x 
devices, you will also need PIC Toolkit 
Mk2 (which was specifically designed for 
them and the PIC16x84 devices — PIC 
Toolkit MklI is not suitable). The 
PIC16F877 configuration required is stated 
at the beginning of the source code text file. 

The software has been written in the 
TASM dialect and is available from the 
Editorial office on 3.5 inch disk, for which 
a nominal handling charge is made. 
Alternatively, it may be downloaded free 
from the EPE web site. Details of these 
two options are also on the Shop Talk 
page. 

Follow the instructions supplied with the 
software when installing it on your com- 
puter — there are several files involved, not 
only for the PIC program but also for 
inputting the serial data to a PC. 

It is intended for running under MS- 
DOS, not under Windows. 


NEXT MONTH 


In the concluding part next month we 
discuss programming the Data Logger, 
using it, and transferring data to a PC. 
We also give data sheet numbers and 
details for contacting Microchip. 


SK1 TO SK10 
SEE TEXT 
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Fig.2. Component layout and full size copper foil master 


track pattern, plus off-board connection details. 
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Robert Penfold 








VISUAL PROGRAMMING FOR PC ADD-ONS 


E SUBJECT of using visual program- 
ming languages with PC add-ons was 
considered in the previous Interface arti- 
cle, and we continue in the same vein this 
month. As pointed out in the previous 
Interface article, Delphi 2, 3, and 4 lack the 
Port function, and do not support direct 
port accesses. This is perhaps being a little 
economic with the truth though, because 
all versions of Delphi are equipped with a 
neat in-line assembler. 

It is therefore possible to 
both read from and write to 
ports simply by dropping a 
few lines of assembly lan- 


guage into Object Pascal me Fave 


routines. This is not quite as 
convenient as using the 
Port function, but it is not 
that difficult either. 
Incidentally, Borland’s 
C++ Builder would also 
seem to be equipped with 
an assembler, and could 
presumably be used with 
user add-ons. However, 
C++ seems to be rather 
more involved than Delphi 
or VisualBASIC, and it is 
probably a language that is 
better suited to program- 
ming experts than dabblers. 


Well Stacked 


Using the assembler is 
very straightforward, and it 
is just a matter of heading 
your code with “asm” and finishing with 
“end”. One slight problem is that you 


“must ensure that your assembly language 


routines do not interfere with the normal 
operation of the computer. This means 
that any changes made to the contents of 
certain registers must be reversed before 
the routine is terminated. 

The simple routine that follows is all 
that is needed to write to a port. This is 
equivalent to the speed control example 
provided in the previous Interface (May 
‘99) article. 

begin 

OutVal := ScrollBar1.Position; 

asm 

push dx 

mov dx, 888 

mov al, OutVal 

out dx, al 

pop dx 

end; 

end; 

OutVal is the byte-size variable used to 
store the reading from the scrollbar, and 
this must be declared in the appropriate 
part of the program. The assembly lan- 
guage routine uses indirect addressing via 
the dx register to access the port, and the 
push instruction stores the current con- 
tents of this register on the top of the Stack. 

Next a move instruction is used to place 
the port address in dx. In this example the 
address is 888, but this can be any valid 
address. A second move instruction 
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transfers the value stored in OutVal to the 
al register (the accumulator). 

The out instruction then outputs the 
value in al to the address in dx. Finally, 
the pop instruction restores the contents 
of the dx register from the top of the 
Stack. Note that two end instructions are 
needed, one to terminate the assembly 
language routine and one to end the sub- 
routine as a whole. 


Brjent!: = Mierosat Vicunt Ganic [design 
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Fig.1. The Visual BASIC 6 environment is similar to that of Delphi. 


For 16-bit transfers the ax register 
should be used instead of the al register. 
There is a direct addressing mode where 
the port address is supplied in the out 
instruction, but this only supports eight- 
bit addresses. User add-ons are normally 
at addresses from 512 to 1023, making 
direct addressing unusable. 


Port Reading 

Reading from a port requires a slightly 
longer routine, but is still quite straight- 
forward. The following short program 
reads from the printer port at base 
address 888 (&H378), which must obvi- 
ously be a bidirectional type. It should be 
assigned to a timer component having an 
interval of about 25ms. Note that a label 
component must be included on the form 
to provide the program with somewhere 
to print the readings. 

begin 

asm 

push dx 

mov dx, 890 

mov al, 32 

out dx, al 

mov dx, 888 

in al, dx 

mov InVal, al 

pop dx 

end; 

Str (InVal, S); 

Label1.Caption := S; 

end; 


As before, the contents of the dx regis- 
ter are pushed onto the Stack, after 
which a value of 32 is output to address 
890. This sets the data lines of the port to 
the input mode. Next the address of the 
port to be read is loaded into the dx reg- 
ister, and the data from the port is read 
into the al register. The value in al is then 
moved into variable InVal, the original 
contents of the dx register are restored 
from the Stack, and 
the assembly language 
routine is terminated. 

Finally, normal Object 
Pascal instructions are 
used to place the value in 
InVal into string variable 
S, and this variable is then 
assigned to the label 
where it is displayed on 
the screen. Of course, byte 
and string variables InVal 
and S must be declared in 
the appropriate section of 
the program. 

These methods of read- 
ing and writing will work 
with Delphi 1, but the Port 
function would seem to be 
the better option with this 
version of the program. 
With the later versions of 
Delphi the built-in assem- 
bler almost certainly rep- 
resents the easiest way of 
obtaining direct port 
access. It is possible to 
define input and output functions that 
can be called up when required, but in 
most cases it will be easier to simply drop 
in the assembly language routines as and 
when they are needed. 

Note that Delphi 2, 3, and 4 produce 32- 
bit programs that are only suitable for use 
with Windows 95 and 98. Delphi 1 must 
be used if programs that will run under 
Windows 3.1 are required. 

Note also that Windows NT does not 
permit direct port accesses, and that it 
requires the ports to be handled via the 
approved and indirect routes. These rou- 
tines will not work under Windows NT, 
and could adversely affect the stability of 
the operating system. 


* BASIC Ins and Outs 


Over the past two or three years a steady 
trickle of letters from readers having trou- 
ble using VisualBASIC to control their PC 
projects have been received. The usual 
complaint is that the Inp and Out instruc- 
tions do not work with VisualBASIC. 
Although many GW and QBASIC instruc- 
tions are included in VisualBASIC, Inp and 
Out have both been omitted. 

This is not to say that direct port access 
is totally impossible with this flavour of 
BASIC, but it is only possible with some 
external help. This means using an add-in 


_ such as a component or DLL file. 


There are numerous add-ins of this 
type available via the Internet, but these 
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mainly go beyond simple Inp and Out 
commands, and can be quite expen- 
sive. It is only recently that I have dis- 
covered simple and cheap methods of 
providing basic port accesses. 

If you are interested in using 
VisualBASIC with your PC projects, or 
if you require information about paral- 
lel and serial port interfacing, it is well 
worthwhile paying a visit to the 
Lakeview Research web site at 
http://www.lvr.com. Apart from the 
information, etc. at this site, there are 
plenty of links to other sites where fur- 
ther software and information can be 
found. | 

Having tried various VisualBASIC 
add-ons, I would suggest you use 
Lakeview Research’s own freeware 


ie Nhe only requir se np Fig.2. This virtual panel meter and digital readout 
and Out instructions. Me correct requires just six lines of conventional BASIC code. 


download is “inpout32” for the 32-bit 
versions of  VisualBASIC, or 
“inpoutl6” for the 16-bit Windows 
versions. 

The author has only tried the 32-bit 
version with VisualBASIC 6, and found it 
to be very quick and effective. The DLL 
file is placed in the Windows/System 
directory of your PC, and the supplied 
inpout32.BAS file is loaded into 
VisualBASIC before you start program- 
ming. 

This is done via the “Add File” option, 
which is under the “Project’’ menu when 
using version 6.0 of VisualBASIC. You can 
then use Inp and Out, which work in 
exactly the same way as their GW BASIC 
and QBASIC counterparts. When the fin- 
ished program is compiled it will incorpo- 
rate the DLL file. 

One definite drawback of VisualBASIC 
is that, unlike Delphi, it is not a true com- 
piler. Delphi will compile a program into 
a stand-alone .EXE file, but VisualBASIC 
produces a group of files that can be used 
to install and uninstall the program in 
Windows 95 or 98. A simple Delphi pro- 
gram consists of one file about 200K or so 
in size, but with VisualBASIC the total 
size of all the files seems to be nearly ten 
times greater than this. VisualBASIC pro- 
grams are probably somewhat slower 
than Delphi equivalents as well. 

On the plus side, VisualBASIC is some- 
what easier to use than Delphi, especially 
if you have some experience at program- 
ming in some other version of BASIC. 
With the Inp and Out instructions added 
it is just about perfect for producing the 
software for PC projects. 

VisualBASIC is something of an indus- 
try standard, with a much larger user 
base than any of its competitors. It is per- 
haps worth mentioning that some books 
on VisualBASIC programming come com- 
plete with a CD-ROM that contains the 
‘working model” version of VisualBASIC 
6. From time to time this is also given 
away on the cover-mount CDs of com- 
puter magazines. 

The working model lacks the two CD- 
ROMs of help files that come with the 
full program, and the compiler function 
is disabled. It will save and load your 
programs though, and they can be com- 
piled and run from within the working 
model. This is rather like GW and 
QBASIC, where you have to run pro- 
grams from within the programming 
language itself. This is clearly a less con- 
venient way of doing things, but the pro- 
grams are fully functional when run in 
this way. 
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On Form 

Using VisualBASIC is very similar to 
using Delphi, with a similar program- 
ming environment (see Fig.1). Like 
Delphi it is event driven and you have to 
adopt a more “bits and pieces’”’ approach 
to programming than you would use for 
conventional BASIC programming. 

In standard visual programming fash- 
ion you start by designing the form lay- 
out, adding any necessary buttons, labels, 
etc. Any necessary code for each compo- 
nent is then added. To read printer port 
one at &H378 and print the results on the 
screen you could use a timer component 
(set at about about 25ms) and a label. This 
code would be assigned to the timer: 


Out &H37A, 32 
InVal = Inp(&H378) 
Label1.Caption = InVal 


The first line sets the port to the input 
mode, and the next reads the data lines 
and places the result in the variable called 
InVal. With VisualBASIC you have the 
option of declaring variables or simply 
making them up as you go along. There is 
little point in declaring them in short pro- 
grams, but it is otherwise advisable to do 
so. The third line prints results on-screen 
via the label component. 

In general it is better to print text via a 
label rather than direct onto the form, as 
this‘avoids the need to blank previous 
readings. If you write text to a label this 
blanking is done for you. By altering the 
characteristics of the label via the proper- 
ties window it is easy to set a large font, 
change the background colour, etc. 


Good nee ae 
VisualBASIC has good graphics capabil- 
ities, and it is easy to produce pseudo 





panel meters and the like. In fact min- 
imal programming is needed for this 
type of thing because VisualBASIC is 
the most visual of visual programming 
languages. 

Practically everything required can 
be placed onto the form using compo- 
nents rather than lines of code. The 
property window can be used to “fine 
tune” the positions of components. 
The meter and digital readout pro- 
gram shown in operation in Fig.2 was 
in fact produced entirely by adding 
components onto the screen. 

Even the pointer is a line compo- 
nent. An advantage of this is that the 
pointer can be moved simply by alter- 
ing one co-ordinate. There is no need 
to erase the previous version of the 
pointer because VisualBASIC does it 
for you. 

In order to make this program work 
it only requires the following six lines 
of code to be assigned to the timer 
component: 


Out &H37A, 32 
X = Inp(&H378) 
Label1.Caption = X 


X = X* 20 
X = X + 500: 
Line1.X1 = X 


The first three lines are basically the 
same as the previous example. The next 
line scales the value in X to suit the 
VisualBASIC co-ordinate system. This 
does not operate in terms of pixels, and 
seems to be arbitrary. An offset is then 
applied to allow for the fact that the meter 
is offset from the left-hand edge of the 
screen, and this value is then used as the 
X1 co-ordinate for the pointer. 


Light Work 
ith VisualBASIC it is easy to produce 
on-screen indicator “lights’’, and the 
shape component is the obvious basis for 
something like this. Various shapes are 
available, but a circle with a solid fill style 
is the obvious one to use in this case. 
This example routine could be applied 
to a timer component, and it sets the 
“light” to red if the value read from the 
port is over 99, or to green if it is not: 


Out &H37A, 32 

X = Inp(&H378) 

If X > 99 Then Shape1.FillColor = 
&HFF& Else Shape1.FillColor = 
&HFFOO& 


It is very easy to produce multi-colour 
bargraph displays, gauges, etc. Visual 
programming languages are well suited 
to control programs for PC add-ons, and 
some practical examples will be provided 
in future Interface articles. 
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Our regular round-up of readers’ own circuits. We pay 
between £10 and £50 for all material published, depending 
on length and technical merit. We're looking for novel 
4} applications and circuit tips, not simply mechanical or 

“{7) electrical ideas. ldeas must be the reader's own work and 
4¢/ not have been submitted for publication elsewhere. 
The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for 
consideration in this column should preferably be typed or 
word-processed, with a brief circuit description (between 
100 and 500 words maximum) and full circuit diagram 
showing all relevant component values. Please draw all 
circuit schematics as clearly as possible. 

Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., Allen House, East 
Borough, Wimborne, Dorset BS21 1PF. 

They could earn you some real cash and a prize! 


Loop Aerial MW Radio = }3acik To Tae Pwutwre! 


T: radio receiver circuit shown in Fig.la 
delivers a powerful 3W to 5W into a 4 to 
8 ohm loudspeaker. It has excellent tone, 
selectivity, high directivity, and good 
sensitivity. 

Although the first stage is a “crystal set” 
with point contact diode (D1), the radio is 
self-contained, requiring no earth wire. The 
design uses a loop aerial, such as were com- 
mon in the 1930’s. 

Coil L1 is wound on a wooden H-frame 
60cm square, the “H”’ being turned on its side 
by 90 degrees (see Fig.1b). Four 11cm long 
cross-pieces are mounted on each corner of 
the “H” to carry coils L1 and L2. Wind 12 
full turns of 30s.w.g. enamelled copper wire 
around the H-frame, spaced about 8mm apart. 
It helps to prepare the cross-pieces by cutting 
notches for the wire. 

The ends of this wire are soldered to a 
300pF to S5O00pF variable capacitor VC1, 
which serves as the tuner. Terminal “A”’ is sol- 
dered to the capacitor frame/spindle, and ter- 
minal ““B”’ is soldered to its fixed fins. 
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Between turns 6 and 7 of LI, wind one 
“link turn’, L2, of quality braided micro- 
phone wire. This improves the directional 
effect of the antenna. The screening braid, 
soldered to its core (terminal “C’’), is sol- 
dered to OV. At the other end, the core of the 
wire (terminal “D’’) is soldered to the centre 
tap of L3, which is approx. 40 turns of 
30s.w.g. wire, with a tap in the middle at 20 
turns. It is close-wound on a 5cm (2in.) diam- 
eter piece of p.v.c. piping. 

The value of tuning capacitor VC1 is not 
critical — however, the larger it is, the wider the 
tuning range will be. Preset potentiometer 
VR1 controls feedback in preamplifier [C1a, 
and VR2 acts as a Volume control. The output 
of IC1b is fed via 1.f. filter components C7/C8 
to power amplifier IC2, which is wired in a 
standard configuration. It is recommended that 
longer connections should use shielded wire 
(the braid being soldered to ground — OV). 

Rev. Thomas Scarborough, 
Fresnaye, Cape Town, 
Republic of South Africa. 
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WIN A PICO PC BASED 


OSCILLOSCOPE 
@ 50MSPS Dual Channel Storage Oscilloscope 
@ 25MHz Spectrum Analyser 
@ Multimeter @ Frequency Meter 
@ Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 
Every six months, Pico Technology will be 
awarding an ADC200-50 digital storage 
oscilloscope for the best IU submission. In 
addition, two single channel ADC-40s will be 
presented to the runners-up. 





WOODEN 


L3 = 40 TURNS ON 
5cm P.V.C. PIPE 


CORE AND 
SCREEN 
JOINED HERE 


CORE TO 
L3 CENTRE-TAP TO OV 


Fig.1b. Loop aerial constructional 
details. VC1 is soldered in parallel with 
L1 and mounted on the frame. 





Fig.1a. Circuit diagram for the Loop Aerial MW Radio. L1-L3 are air-coupled, air-spaced inductors. 
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Mayday Module - Distress Call 


MAYDAY circuit for sending out an S.O.S in Morse code is shown 

in Fig.2a. The self-running binary counter IC1 generates a low-fre- 
quency divide-by-32 across the five selected outputs Q5 to Q8. 
Encoding logic then passes a series of pulses from Q5 through to the 
transistor TR1, suppressing or merging them to form the well-known 
“S.0.S”’ sequence in Morse. This is sounded on the piezo buzzer 
WD1. Fig.2b illustrates the counter states used to generate the code. 

The encoder divides the 32-count field into four. The first and last 
quarters are distinguished by Q8 and Q9 being equal, a condition 
decoded at IC2d pin 3 of the exclusive-OR. This signal is the “‘letter- 
select flag” — when high, a sequence of Q5 pulses representing letter 
“S” is sent, and when low the letter “O”’ is formed by merging pulses 
from Q5 and Q6. 

A NOR gate IC3a detects the condition (Q6=Q7=Q39) at pin 10. This 
occurs at the beginning and end of the first and last quarters, where it 
helps generate the required inter-word and inter-character spacing, and 
ensuring that “S”’ consists of three pulses and not four. 

Although the timing for the characters and inter-character spacing is 
correct, the spacing between Mayday signals is only five units in this 
design instead of the standard seven. Adding the three-diode circuit of 
Fig.2c. extends the count by three if desired, taking advantage of the 
fact that states 0, 1 and 2 (=32, 33 and 34) do not produce an output. 
This emphasises the word-gap. 

A start/stop module is shown in Fig.2d. After 16 cries for help, Q14 
(pin 3) of the counter will re-set the flip-flop and disable the counter. 
This circuit cannot be used with the “word-gap extender” circuit 
Fig.2c. 

Lastly, on the subject of Morse SOS signals, did anyone notice the 
“peeps” from HMS Titanic’s radio room in the latest movie? And this 
in 1912! At least the 1958 film was realistic with crashing radio 
sparks. 

Trevor Skeggs, Milton Keynes. 
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Fig.2a (top) 
Mayday circuit. 
Fig.2b (above) 
Morse SOS 
sequence. 
Fig.2c (right) 
Word-gap 
extender. 
Fig.2d (below) 
Stop control. 
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NiCad Discharge Unit - 
im Wace IDawrlk 


i NiCad cells are used in series, the prob- 
lem of reverse charging of the weaker cell 
can arise if the unit is allowed to totally dis- 
charge. However, if the cells are not allowed 
to run down sufficiently, “memory” may set 
in, reducing the cell’s useful working life. 
This is a particular problem in my pastime of 
caving, where a flat battery is a nuisance, and 
two flat batteries can be very dangerous. 
Circuit diagram Fig.3 is designed to dis- 
charge a 5-cell “Fx5” battery unit which out- 
puts 5x1-2=6V. It should work on four cells, 
but the relay will not hold for 3-6V (3 cells). 
_ The push-to-make switch S1 allows the 
Darlington pair, made up of transistors TR1 
and TR2, to latch the relay RLA. Current 
passes through the “load” resistors R4 and 





Fig.3. Circuit diagram for a NiCad Discharge Unit. 


R5, which were set to pass about 1A. As each 
cell delivers 1-2V, the potentiometer was set 
to tum off the Darlington pair at 5-0V by 
using a variable supply. 


Current to a cheap quartz clock from the 
potential divider resistors R1 and R2 enables 
one to find out how long the unit has been run- 
ning. Now I can completely discharge the 
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“Fx5” unit without having to watch for the 
bulb dimming, and while saving the bulb, an 
expensive halogen type, from unnecessary use. 

Mark Lavendar, Catforth, Preston. 
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[1 Send phowstats of (article title amd 1661 Cate) :oicssssssccsssivasasacsusssannsaveadstssssacansccancisichastnrsnameretarersiaeens 


t ["_] Send copies of last five years indexes (£2.75 for five inc. p&p — Overseas £3.35 surface, £4.35 airmail) 


B NAMM .......cseccscsssssseessrsseessnessssscsssaesnessssessessssesassassnssossnssesnsensesessaessesansnesseescessessnssessccoseuseuausasusessnsecensenseeseees i 
Oy eta ce vs ccirectspn ss vas tasescsevndsavessnngetnsotatas tees tana gene astaataenss as anneiencatne parinj nenenreaeteae ance i 
‘ TORU URURUEEEECEOEEUEECEEEECEOCEECOCOC CUCU C CUCU CUCUCEOUCUUC POU EEUU UUC UU EUU UCU UU UEC UUU EEE PEEP EEE EEUE URES el t 
i t 

[| Jenclose cheque/POJ/bank draft to the Valle OF Eisccscssisseeiiaiiscessnssccssiccsnevssiisssersteatnanromionanenananannnaies , 
g (__] Please charge my Visa/Mastercard E............ssscssssossssssosesesssessesensacsessensansetesoesearseseesssessessneessnseaessssnenees i 
DMC NG cctaccsoxcccercactsvaacidocs iene tvcorvsaessess anteaters Gard Expiry Date secissievssscssscrcscersssncasiennsaies I 


| Note: Minimum order for credit cards £5. Please supply name and address of cardholder if different from that shown above. § 
SEND TO: Everyday Practical Electronics, Allen House, East Borough, Wimborne, Dorset BH21 1PF. f 
: Tel: 01202 881749. Fax: 01202 841692. (Due to the cost we cannot reply to overseas queries or orders by Fax.) 
j E-mail: orders@epemag.wimborne.co.uk 
Payments must be in £ sterling - cheque or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order. 
I Send a copy of this form, or order by letter if you do not wish to cut your issue. Ms8/99 
aE ee ee eee eee eee eee eee eee ee eee eee eee 
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DIRECT LTD 


Hi-Fi POWER AMPLIFIERS 


ILP 2000 SERIES POWER AMPLIFIERS ARE FULLY 
ENCAPSULATED HIGH QUALITY MODULES WITH INTEGRAL HEATSINKS 
AND CARRY A FIVE-YEAR GUARANTEE. 


BY SELECTING THE APPROPRIATE MAINS TRANSFORMER 
AND THE PROGRAMMING LINK ON THE MODULE THEY CAN BE USED WITH 
4Q OR 8Q LOADS WITH THE AUTOMATIC ADJUSTMENT OF 
INPUT SENSITIVITY. 


HY2000 30W HYBRID AMPLIFIER £11.50 
HY2001 30W HYBRID AMPLIFIER WITH P.S.U. BOARD £17.50 
HY2002 60W HYBRID AMPLIFIER £17.75 
HY2003 60W HYBRID AMPLIFIER WITH P.S.U. BOARD £24.75 
HY2004 120W MOSFET AMPLIFIER £37.00 
HY2005 120W MOSFET AMPLIFIER WITH P.S.U. BOARD £47.00 
HY2006 240W MOSFET AMPLIFIER £60.00 
HY2007 240W MOSFET AMPLIFIER WITH P.S.U. BOARD £83.50 


HI-Fl QUALITY AUDIO POWER TRANSFORMERS FINISHED IN BLACK 
WITH RESIN FILLED CENTRES FOR MAXIMUM NOISE ABSORPTION 
AND EASE OF MOUNTING 


AT0304 FOR ONE HY2000/1 IN 4Q MODE £17.50 
AT0308 FOR ONE HY2000/1 IN 8Q2 MODE £17.50 
AT0604 FOR ONE HY2002/3 IN 4Q MODE £21.00 
AT0608 FOR ONE HY2002/3 IN 82 MODE £21.00 
AT1204 FOR ONE HY2004/5 IN 4Q MODE £28.00 
AT1208 FOR ONE HY2004/5 IN 82 MODE £28.00 
AT2404 FOR ONE HY2006/7 IN 4Q MODE £39.00 


PRICES INCLUDE VAT & POST AND PACKING 


ILP DIRECT LTD. 


SPONG LANE, ELMSTED, ASHFORD, KENT TN25 5JU 
PHONE+44 (0) 1233 750481 FAX+44 (0) 1233 750578 


Bell College of Technology 
Almada Street 


Hamilton ML3 QJB 
Tel: 01698 283100 BE ] Colac 
Fax: 01698 459790 ee 


Make your 
expertise pay! 


In today's world you need qualifications to obtain and keep 
employment. Our open learning courses make obtaining those 
qualifications as convenient as possible. 

Choose from our dozens of SQA accredited units, either 
singly to update your skills or as a group to obtain a Higher 
National Certificate. 


Learn at your own pace in your own home 
Support from professional engineers via phone, 
FAX and the internet 

Courses from introductory Bridging Modules 
to HNC Electronics 

Units from Programmable Logic Controllers 

to Engineering Computing 


DON'T DELAY - we are walting to hear from you. 


Contact: Laura Murdoch, Open Learning Co-ordinator 
Tel: 01698 283100 Extension 214. 

E-mail: |.murdoch@bell.ac.uk 

Web: http://floti.bell.ac.uk/openiearning 


Member of the British Association for Open Learning 
Preview Centre for Financial Times Management 


Training opportunities for all, INVESTOR IN PEOPLE = ExpienaNan FOROS 
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C.C.T.V. BOARD CAMERAS FROM £19.95 


MINIATURE. C.C.T.V. CAMERAS FROM TOP USA 
MAKER. IDEAL FOR COVERT SURVEILLANCE OR 
SECURITY USE IN SHOPS, OFFICES AND 
PRIVATE HOMES. CONNECTS TO ANY TV_OR 
VIDEO IN SECONDS — OPTIONAL CABLE ETC. 
AVAILABLE. OUR 1993 PRICE FOR THIS CAMERA 
WAS £385!! HUGE RECESSION IN ELECTRONICS 
INDUSTRY HAS SLASHED THESE PRICES. TO 
RIDICULOUS LEVELS! THESE ARE USA MADE - 
NOT CHEAP CHINESE MODELS. READY BUILT 
WITH LENS ETC. BRAND NEW 1999 STOCK — FULL 
12 MONTH GUARANTEE. WORKS FROM 9V-PP3 
BATTERY OR OUR CAMERA PSU AND CABLE KIT 
_ SHOWN BELOW. 























ONLY 29mm x 29mm 





Audio Model adde5.00 = APELICATIONS: 
1/3in. image sensor SURVEILLANCE 

with 288 x 352 pixels. MACHINE MONITORING 

Auto iris. 270 lines. 6V NANNY WATCHING. 
























(Each) £19.95 


LOTS OF 5 £21.50 









LOTS OF 2 £23.95 to 12V D.C. 30mA. 
SAMPLE 25.95 || Includes 3-6mm wide oie Gee 
Add P&P £3 ANY ORDER angle lens. ; 


ETC. 
Pinhole Lens add £2. Rritish PAL SYSTEM. 


SECRET SPY CAMERAS 
MICRO SIZE 16mm x 16mm 


JAPANESE CCTV TECHNOLOGY REDUCES THE 
SIZE FOR EASY CONCEALMENT. 
PLEASE ADD £2 TO ABOVE 29X29MM PRICES 


VAT INCLUDED 





















Camera PSU and Cable Kit 


total solution for pow- 


. CCD BOARD CAMERA 
WITH AUTO BACKLIGHT 
COMPENSATION 
128 STEP ELECTRONIC IRIS 
AND 380 TV LINES 
RESOLUTION. 
320,000 PIXELS AND 0-2 LUX 
LEVEL GIVES REMARKABLE 
CRYSTAL CLEAR PICTURES 
32mm (w) x 32mm(l) x 20mm (h) 





















video phono plug an > po 
adaptor is plugged into the DC socket and either the SCART plug or 
an and video phono plugs are plugged into your TV, monitor or 


VCR. 
MAPLINS PRICE £24.99. OUR PRICE £12.50 


























MAPLINS PRICE £79.99 CAMERA CASING WITH SWIVEL 
OUR PRICE £35.95 WALL BRACKET TO TAKE ANY OF 
Saad SN ara OUR BOARD CAMERAS £3.50 







LASER POINTERS 


Professional model fires a small red laser dot 
over on metres. ae into executive ballpoint 
pen with case and batts. 

Liste3995 NOWL10.00 
Gold-plated Keyfob model 

Liste2995 NOW £9.00 

Multi Keyfob with 5 tips fires a dot, horizontal 
line, star, arrows and circle 

List 241.25 Now£12.00 

Add £3 p&p any quantity. 


(Only sold to schools or tradesmen — no minors under 21) 


1/,in. COLOUR CCD 


CAMERAS 

Japanese Twinboard '/,in. CCD and DSP 
(digital signal processor) colour CCTV 
boards with popular 3-6mm wide angle lens. 
High specification 290,000 pixels, electronic 
iris, 330 TV lines and LUX levels 2. 12V DC. 
Use with our camera PSU and cable kit (see 
above). Size 32mm x 32mm. 
LOWEST PRICE 


Audio model 
IN EEC £59.00 add £5.00 


VISONIC RADIO TRANSMITTER/RECEIVER SETS 


Comprises smart remote control normally used as a panic button or medical 
alert for the elderly. Causes receiver to open or close a circuit thereby trig- 
gering a siren, automatic garage door or other device until button is released. 
Range 35m indoors, 100m outdoors. 9V PP3 batt. included. DT! approved 
1340 licence exempt. MRP £47.85 set. Boxed with full instructions. 


SAMPLE SET £15.90, 2 sets £29, 5 sets £62 
ULTRAGUARD POLYCARBONATE BELLBOXES. 


White. 15in. x 10in. lassoo-proof shape with crime prevention label. 118 decibel 
horn siren, flashing Xenon strobe, Nicad back-up batteries and full anti-tamper 
system all factory fitted and sealed. 12V PSU supplied. Can be triggered by 
simple bell-push, any alarm panel or the Visonic set shown above. 


MRP £41.87. NOW £16 + £3 PP 


A. S. A. (Est. 1979) Order Hotline 
51 Cambridge Road 01642 851256 
Middlesbrough Fax: 


TSS SNL 01642 823173 

















































ALL GOODS ARE BRAND NEW 
AND PERFECT. BULK BUYERS Ee 
PLEASE ASK FOR JOHN. 
PRICES INCLUDE VAT. 

£3 PP ANY SIZE ORDER 
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Everyday Practical Electronics are pleased to be able to offer all readers these 


ELECTRONICS CD-ROMS 


ANALOGUE ELECTRONICS] DIGITAL ELECTRONICS 
by Mike Tooley by Mike Tooley 





‘Analogue Electronics is a complete learning resource for Digital Electronics builds on the knowledge of logic gates 
this most difficult branch of electronics. The CD-ROM covered in Electronic Circuits & Components (below), and 
includes a host of virtual laboratories, animations, takes users through the subject of digital electronics up to 
diagrams, photographs and text as well as a SPICE the operation and architecture of microprocessors. The 
electronic circuit simulator with over 50 pre-designed virtual laboratories allow users to operate many circuits on 
circuits. screen. 

FUNCTIONS FUNDAMENTALS 


The component values on all 
circuits can be edited and the user 
can use the simulation engine to 
see how the value of each 
component affects circuit 
performance. You can, for instance, 
alter frequency and phase angle 
and plot outputs on a virtual 
oscilloscope or show load line 
graphs etc. 


COVERAGE 
Sections on the CD-ROM include: 
Fundamentals — Analogue 


Fundamentals introduces the basics 
of digital electronics including binary 
and hexadecimal numbering 
systems, ASCII, basic logic gates 
and their operation, monostable 
| = action and circuits, and bistables — 
improvements canbe made othe maer-dave bite oyiwdee tact aww |} ~— INClUGiNg JK and D-type flip-flops. 


a] 
a: lea ates Ro the oat ve) oa abe tt ontrol gates before the 


: ——— || COMBINATIONAL 


Multiple gate circuits, equivalent logic 
functions and specialised logic 
functions such as majority 

vote, parity checker, scrambler, 

half and full adders. Includes 

fully interactive virtual 

laboratories for all 


sections), Waveshaping Circuits (6 
sections); Op.Amps — 17 sections 
covering everything from Symbols 
and Signal Connections to 





Differentiators; Amplifiers — Single circuits 
Stage Amplifiers (8 sections), 
Multi-stage Amplifiers (3 sections); ~~ ~~ 9) SEQUENTIAL LOGIC 
Filters — Passive Filters (10 oe apa peter abinge | Introduces sequential logic 
sections), Phase Shifting Networks =. ee “ |@===)} including clocks and clock circuitry, 
(4 sections), Active Filters (6 —s Lea ad ‘=| counters, binary coded decimal 
pens) aay slear -6 rath i“ and shift registers. 
rom Positive Feedback to Crystal 

DIGITAL SYSTEMS 


Oscillators; Systems — 12 sections 
from Audio Pre-Amplifiers to 8-Bit 
ADC plus a gallery showing 
representative p.c.b. photos. 


@ Includes SPICE circuit 
simulator with over 50 
circuits 


@ Unique virtual laboratories 
@ Editable assignments 


@ Design parameters for circuits 
included 


A/D and D/A converters and 
their parameters, traffic light 
controllers, memories and 
microprocessors — architecture, 
bus systems and their arithmetic 
logic units. 


GALLERY 


A catalogue of commonly used 
IC schematics taken from the 
74xx and 40xx series. Also 
includes photographs of 
common digital integrated 


Se R RR Reeeawe | 





% had aaa Gallery - — Wideband Amplifier | Microprocessor circuits and circuit technology. 
| Hobbyist/Student ..........cscsscssssseseeeeeeeeeeesesssenensenneees £45 inc VAT 
Prices for each of the two CD-ROMs above are: _Institutional (Schools/HE/FE/Industry).............. £99 plus VAT 
| Institutional 10 user (Network Licence).......... £199 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


ELECTRONIC CIRCUITS & COMPONENTS 
+ THE PARTS GALLERY by Mike Tooley 


Electronic Circuits & Components provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The virtual laboratories, worked examples and 
pre-designed circuits allow students to learn, experiment and check their understanding as they proceed through the sections on 
the CD-ROM. Sections on the disk include: Fundamentals: units & multiples, electricity, electric circuits, alternating 

circuits. Passive Components: resistors, capacitors, inductors, transformers. 
Semiconductors: diodes, transistors, op.amps, logic gates. Passive Circuits . ACtive [ccm 
Circuits 

The Parts Gallery — many students have a good understanding of electronic theory but 
still have difficulty in recognising the vast number of different types of electronic 
components and symbols. 

The Parts Gallery helps overcome this problem; it will help students to recognise 
common electronic components and their corresponding symbols in circuit diagrams. 
Selections on the disk include: Components ,Components Quiz, Symbols, Symbols 
Quiz, Circuit Technology 










"Two 
APPLICATIONS | 
- ONONE > 
CD-ROM © 











HObbylGt/udent 265. ccc eee ect eee ee dwn e eben £34 inc VAT 
Institutional (Schools/HE/FE/Industry) ............... £89 plus VAT 
Institutional 10 user (Network Licence) .............. £169 plus VAT 


Virtual laboratory — sinusoids (UK and EU customers add VAT at 17.5% to “plus VAT” prices) Circuit iechnslogy screen 
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Interested in programming PIC microcontrollers? Learn with PiCtutor by John Becker 


Developed from John’s EPE series, this highly acclaimed CD-ROM, together with the PlCtutor experimental 
and development board, will teach you how to use PIC microcontrollers with special emphasis on the 

PIC 16x84 devices. The board will also act as a development test bed and programmer for future projects as 
your programming skills develop. This interactive presentation uses the specially developed Virtual PIC 
Simulator to show exactly what is happening as you run, or step through, a program. In this way the CD 
provides the easiest and best ever introduction to the subject. 

Nearly 40 Tutorials cover virtually every aspect of PIC programming in an easy to follow logical sequence. 


HARDWARE 

Whilst the CD-ROM can be used on its own, the physical demonstration provided by the PiCtutor 
Development Kit, plus the ability to program and test your own PIC 16x84s, really reinforces the lessons 
learned. The hardware will also be an invaluable development and programming tool for future work once you 
have mastered PIC software writing. 

Two levels of PlCtutor hardware are available — Standard and Deluxe. The Standard unit comes with a battery 
holder, a reduced number of switches and no displays. This version will allow users to complete 25 of the 39 
Tutorials. 

The Deluxe Development Kit is supplied with a plug-top power supply (the Export Version has a battery 
holder), all switches for both PIC ports plus I.c.d. and 4-digit 7-segment I.e.d. displays. It allows users to 
program and control all functions and both ports of the PIC and to follow the 39 Tutorials on the CD-ROM. 

All hardware is supplied fully built and tested and includes a PIC16F84 electrically erasable programmable 


microcontroller. 





PiCtutor CD-ROM 

PRODI VEBT SUI is sisssssisisivecnisespaassceasoonssnssiccsssiessanentsnies £45 inc. VAT 

Institutional (Schools/HE/FE Industry) .............ssssse £99 plus VAT 

Institutional 10 user (Network Licence).................. £199 plus VAT 

HARDWARE 

Standard PiCtutor Development Kit ...............sscesessssees £47 inc. VAT 

: Deluxe PiCtutor Development Kit ..............:cscseeesseeees £99 plus VAT 

7 vs Deluxe Export Version........ssscssssessscsscsessssseeseeeeeeeeees £96 plus VAT 
Deluxe PiCtutor Hardware (UK and EU customers add VAT at 17.5% to “plus VAT” prices) 





MODULAR CIRCUIT DESIGN by Max Horsey and Philip Clayton designing your circuit er 
Developed from Max Horsey’s Teach-/n series A Guide to Modular Circuit Design (EPE Nov i oe a pad —— ae : 
‘95 to Aug ‘96). This highly acclaimed series presented a range of tried and tested analogue 
and digital circuit modules, together with the knowledge to use and interface them. Thus 
allowing anyone with a basic understanding of circuit symbols to design and build their own 
projects. 

Essential information for anyone undertaking GCSE or “A” level electronics or technology and 
for hobbyists who want to get to grips with project design. Over seventy different Input, — 
Processor and Output modules are illustrated and fully described, together with detailed 
information on construction, fault finding and components, including circuit symbols, pinouts, 





power supplies, decoupling etc. input = processor output 
Single User Version £19.95 inc. VAT ) 
Multiple User Version £34 plus VAT “| found that | could design a circuit without my teacher's help. 
: . And it worked! Everything was to hand — which chips to use — 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) and which pins did what.” Andrew Preston (GCSE student) 


A Web Browser is required for Modular Circuit Design — one is provided on the EPE CD-ROM No. 1 (see below) but most modern computers are supplied with one. 


Minimum system requirements for these CD-ROMs: PC with 486/33MHz, VGA+256 colours, CD-ROM drive, 8MB RAM, 
8MB hard disk space. Windows 3.1/95/98/NT, mouse, sound card (not required for P/Ctutor or fF Moar neue pli 











‘(J Modular Circuit Design — Single User 
[J Modular Circuit Design — Multiple User 


seats fr nc ci ttc le Useless 0 Uc ete nS 6 Na i wen mada Se ne a tw ema aed cides ee = 
CD-ROM ORDER FORM 
I 
Please send me: [] Hobbyist/Student : L p 
[] Electronic Circuits & Components +The Parts Gallery (_] Institutional eae fees neue se 
[] Analogue Electronics [_] Institutional 10 user eee GE 
Digital Electroni hand — ns 
2 at ‘ee cS Note: The software on each version is fae =6Student/Single User/Standard Version 
. the same, only the licence for use varies. ! price includes postage to most 
(J PiCtutor Development Kit — Standard Note: The PICtutor CD-ROM is not sinbepahgita alas hoe 
'F] Pictutor Development Kit — Del 5 é for C a EU residents outside the UK add £5 for 
; pmen — Deluxe [-] Deluxe Export included in the Kit prices. r event postage per order 
§ 
1 
PE A 5 yee wae dois 4 a aon. ao og wn Re an ek eh pe ee ae nee 
| MIE Reba pon kvee o $4 4 bbe e bed caue add eee ele enas: ee ee Tee ee ee ere ae ee | 
7 Pao t dead faq boede we Sag beds eweus peas as epa anyriceene cess Henge haeawee eoeansa bes 
Spe Geen eh a ee ee ew eee Post code: ................ WOR ING. 4 24. 64.5064 4 6 tees ! 
| Sienaiais: Pr peaS hehe Pahoa Beha ees 2k eee waren oa ae re ewan Oe Reedss sa) Gadeneewa ns 
| [_] | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£............... 
' (J Please charge my Visa/Mastercard:£............... Card expiry date: .................00. | 


REA WD xo oie bv ts he a pe Fk RA en cae a ays e eels 4danensaexenayners ousioain 





Demos (not Modular Circuit Design) available on the EPE CD-ROM No. 1 (Free with the November ‘98 issue) — send £2 for this CD-ROM if you require the denon 
Minimum order for credit card payment is £5. 
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PRACTICAL 





OSCILLATOR 


DESIGNS 


RAYMOND HAIGH 




















This new series is prepared with the electronics enthusiast and experimenter 
very much in mind and is intensely practical. Tried and tested circuits are 
fleshed out with component values, and their vices and virtues are exposed. 


PART 2: COLPITTS OSCILLATOR AND ITS VARIANTS 


principles of oscillators, and covered the Hartley circuit in 
some detail. This month, frequency stability is considered, 
and the Colpitts oscillator and its variants are explored. 


FREQUENCY STABILITY 


Above 5MHz or so, drift becomes an increasing problem with LC 
oscillators, and above 10MHz frequency stability is almost impos- 
sible to achieve without recourse to complex circuitry. 

The main causes of drift are mechanical instability, variations in 
supply voltage, excessive loading on the oscillator tuned circuit, and 
changes in temperature. Temperature changes can be externally 
imposed, or they can arise from the consumption of power by the 
oscillator. 

Sound construction, a regulated power supply and the use of a 
buffer amplifier, will do much to overcome the first three causes. The 
problem of temperature fluctuations, which modify the characteristics 
of all of the oscillator’s components, is more difficult to overcome. 


REDUCING DRIFT 


Whether mounted on printed circuit board (p.c.b.), stripboard, or 
tagstrips, oscillator components and wiring must be rigidly fixed in 
position. Completed assemblies can be protected against vibration, 
and made more rigid, by a liberal application of beeswax or by 
attaching components to the board and to one another by a viscous 
non-water-based adhesive. 

Avoid double-sided printed circuit boards for oscillators. The two 
layers of foil can form capacitors which vary with temperature and 
shift the frequency of oscillation. If unscreened coils are mounted 
on the board, etch away the area of foil beneath them to avoid any 
possible capacitance effects. 

Oscillators should be isolated in a separate metal “screening”’ 
enclosure. Again, if unscreened coils are used, make the case suffi- 
ciently large for the sides and ends of the coils to be spaced from it 
by at least one coil diameter in order to limit the reduction in the Q 
factor caused by the metal screening. Locate the box away from 
draughts and sources of heat. 


INDUCTORS 


In the quest for low drift, air-cored coils are the first choice fol- 
lowed, in order of preference, by coils with dust iron cores, then fer- 
rite cores, ferrite cups, dust iron toroids and, least preferred, ferrite 
toroids. However, the ability to adjust inductance often overrides 
the desire to minimise drift, and slug and cup tuned coils are wide- 
ly used. Similarly, the high Q factors and minimal external fields of 
toroidal coils are advantages which frequently dictate their use. 

Coil formers must be rigid and have good dielectric properties. The 
range of commercially produced items available to the home 


I AST month’s article dealt with the history and general 
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constructor is now very limited, but plastic pipes used in the plumbing 
and electrical industries can be pressed into service. P.V.C. electrical 
conduit is of particular interest, as its thick walls impart rigidity. 

Single layer coils should be tightly wound. When adjoining turns 
are touching, the entire winding can be held in place by the appli- 
cation of a thin coat of clear cellulose without unduly affecting the 
performance of the coil. 

Spaced windings of heavy gauge wire can be secured by apply- 
ing cyanoacrylate adhesive (Superglue) along the turns of the coil. 
Piled coils should be held within bobbins and wound with only a 
light tension on the wire. Unless they are to be exposed to wide 
humidity changes, it is best not to impregnate them. 

Beeswax can be used to lock cores in position, but the effects of 
dimensional and permeability changes caused by shifts in tempera- 
ture have to be minimised by the compensating action of the 
capacitors in the tuned circuit. 


CAPACITORS 


Variable tuning capacitors should be air-spaced and of good qual- 
ity. Silver plated brass vanes are to be preferred to aluminium (they 
are usually only available in values up to 15OpF), and double bear- 
ing rotors are more stable than the single bearing type. 

In the early days of radio, silvered mica components were the 
first choice when a fixed capacitor had to be connected into a tuned 
circuit. Their temperature coefficient is, however, rather unpre- 
dictable, and modern practice tends towards the use of polystyrene 
dielectric capacitors, which have a slight negative temperature coef- 
ficient. (This can compensate for the positive coefficient of dust 
iron toroids). 

Ceramic capacitors, which are manufactured in a range of posi- 
tive and negative coefficients, including zero change types, are 
available in close increments of value from 1pF to 220pF. Avoid, in 
tuned circuits, ceramic capacitors intended for coupling and 





Frequency Stability 


Drift becomes an increasing problem in all LC oscillators as the 
frequency of operation rises through the h.f. spectrum. Its main 
Causes are: 

(1) Mechanical instability. 

(2) Power supply voltage variations. 

(3) Excessive and variable oscillator loading. 

(4) Temperature variations, externally imposed or internally 

generated. 

However well constructed, simple LC oscillators cannot, by 
themselves, be made sufficiently drift free for use in transmitters 
radiating much above 10MHz. They will, however, give a more 
than adequate performance in receivers operating up to 30MHz. 
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decoupling. The lower Q and uncertain temperature coefficient of 
these components is likely to impair performance. 

When all the rules of good construction have been followed, the 
only simple means of reducing residual drift is to substitute different 
fixed capacitors until the temperature coefficient has been optimised. 
The Colpitts oscillator, where several capacitors are wired, directly 
or indirectly, across the tuned circuit, is ideal for this treatment. 


RESISTORS 


Although quarter-watt resistors are usually adequate for most 
low-powered oscillator circuits, the greater bulk of higher rated 
types reduces the heating effect and the resistance changes which 
this causes. Increasing the power rating of gate and base bias resis- 
tors to one or two watts can prove beneficial. 


TRANSISTORS 


The internal capacitances and port impedances of transistors are 
affected by changes in temperature, supply voltage and signal volt- 
age. These effects can be minimised by keeping the supply voltage, 
and the amplitude of oscillation, as low as possible consistent with 
reliable operation. 

It is usually easier to obtain good results with field-effect transis- 
tors (f.e.t.s). Their high gate impedance, and the simpler biasing 
arrangements which result, are largely responsible for this. However, 
f.e.t. gate impedance falls as the frequency of 
operation rises through the h.f. and v.h.f. spec- [ 
trum, and the advantage is a diminishing one. 

With care, bipolar transistors can give very 
acceptable results. Circuits based on the use of 
semiconductors of this type have, therefore, | 
been included. _ 

Whether using a f.e.t. or a bipolar transistor, 
always choose a type with the highest transcon- 
ductance (Y;,) or gain (hs) for a given fr. 
Whilst transistors will often oscillate up to their 
rated upper frequency limit or fy (the frequency 
at which gain falls to unity), it is good practice 
to select a device with an fy at least three times, 
and preferably four or five times, as high as the 
maximum operating frequency. These measures 
will ensure reliable starting and oscillation, and 
permit supply voltages to be kept low to min- 
imise drift. 


OSCILLATOR LOADING 


Some energy has to be taken from the oscillator, | 
and the resultant loading affects the Q factor and 
operating frequency of its tuned circuit. The load- 
ing must, therefore, be constant and as light as 
possible in order to maximise frequency stability. 

A buffer amplifier, placed between the 
oscillator and the load, is essential if high per- 
formance is to be achieved. Even when the oscil- 
lator incorporates isolating circuitry (e.g., the 
Dow variant, see Part 1) it is still desirable for 
additional buffering measures to be provided. 


BUFFER AMPLIFIER 


A buffer amplifier should have a high input 
impedance to minimise damping on the oscillator | 
circuit. Its output impedance should be low to 
enable it to maintain a reasonably constant signal 
level over a range of load impedances. The signal 
voltage produced by a few of the oscillators is 
modest and some gain is, therefore, desirable. 

Readers may wish to use one of the oscillator 
circuits to form a signal generator, and 


MODULATIONIN 72* 
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Buffer Amplifiers 


A buffer amplifier is essential if drift is to be 
reduced to a minimum, and a circuit diagram 
which can be widely adapted to suit individual 
needs is given in Fig.1. All versions feature a 
high input and low output impedance. 

The full circuit has a voltage gain of 
approximately 26dB, an output of 2V r.m.s., 
and a reasonably flat response from 100kHz 
to 100MHz. Provision is made for gain adjust- 
ment and the application of audio modulation. 
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 b) DUAL-GATE MOSFET (COMMON SOURCE) 


Fig.1. Circuit diagram for a buffer amplifier with alternative front ends. 


provision for modulating the r.f. output will also be useful. A buffer 
amplifier capable of meeting these requirements, and of modifica- 
tion to suit the needs of individual constructors, is detailed in Fig.1. 

A two-stage circuit, where transistor TR1 is a dual-gate MOS- 
FET configured as a source follower, is shown in Fig.la. Arranged 
in this way, it presents a very high impedance to the oscillator, and 
an appropriately low impedance feed for the bipolar, common emit- 
ter amplifier TR2. Although the dual-gate MOSFET does not yield 
any voltage gain in this mode, it does provide a significant power 
gain. 


INPUT CIRCUIT 

Oscillator input to the MOSFET TRI1 is via d.c. blocking 
capacitor C1. This component should have the lowest possible value 
consistent with sufficient output being obtained from the buffer 
amplifier. It is best selected by experiment, and for this reason no 
provision is made for it on the buffer amplifier p.c.b. Its value will 
range from 1pF to 100pF. Gate resistor R2 ensures correct biasing. 

The gain of TR1 is controlled by preset potentiometer VR1 which 
sets the voltage on gate 2. The r.f. signal can be modulated, on its 
way through TR1, by varying the gate 2 voltage at audio frequen- 
cies. A suitable modulation oscillator is described later. 

Switch S1 connects bypass capacitor C2 into circuit when mod- 
ulation is not being applied. This switch should be ganged with the 
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switch which connects the power supply to the modulation 
oscillator. Resistor R3 and capacitor C3 decouple the input stage 
from the supply line, and the signal output, developed across source 
(s) resistor R4, is coupled to the base of transistor TR2 by d.c. 
blocking capacitor C4. 


OUTPUT CIRCUIT 


Bipolar transistor TR2 is arranged as a common emitter stage. 
Bias is applied to the base (b) by a resistor chain formed by R5, R6 
and preset potentiometer VR2. The inclusion of VR2 enables the 
voltage to be optimised for a wide range of transistor types. Emitter 
(e) bias is provided by R9, and C7 functions as a bypass capacitor. 

The buffer circuit output is developed across TR2 collector (c) 
load resistor R8. The value of this component has been chosen to 
ensure a reasonably constant gain over a 100kHz to 100MHz fre- 
quency range, and an acceptably low output impedance. Its value can 
be reduced in order to lower output impedance, but this will be at the 
expense of signal voltage. Capacitor C8 acts as a d.c. blocker. 

Resistor R7 and capacitor C6 decouple the stage, and the rf. 
choke, L1, and capacitor CS, isolate the entire buffer amplifier from 
the power supply. The inclusion of a radio frequency (r.f.) choke is 
very much a good-practice measure in circuitry of this kind and, in 
almost every case, a low value resistor (10 to 100 ohms) could be 
substituted without any deterioration in performance. 

With a 12V power supply, the output from this circuit (Fig.1a), 
just before the onset of overload, is 2V r.m.s. (almost 6V peak-to- 
peak): more than enough for most signal generator or mixer pur- 
poses. The input required to produce this output (with VR1 and 
VR2 set for maximum gain), is approximately 0-1V r.m.s. Voltage 
gain of the amplifier is, therefore, some 20 times, or 26dB. Setting 
the voltage on gate 2 of TR1 to zero reduces the gain of the unit to 
around 6 times, or 15dB. 


COMMON SOURCE 

If desired, MOSFET TR1 can be made to provide voltage gain by 
configuring it in the common source mode. The circuit arrangement 
for this is depicted in Fig.1b, where the output is now developed 
across drain load resistor R3. Source resistor R4 has a lower value 
in this circuit, and resistor R10 and capacitor C3 decouple the stage. 

This configuration should only be adopted when a dual-gate 
MOSFET stage is used on its own, or when the gain (hg.) of tran- 
sistor TR2 is low (e.g., a BF199). Combining a common source 
input with a high gain output stage is likely to result in instability. 

The buffer amplifier also works well with a j.f.e.t. arranged as a 
source follower input stage, and a suitable circuit is given in Fig.1c. 
It will not, of course, be possible to apply audio modulation to the 
buffer in the same way if this circuit is used, nor will it be possible 
to adjust the gain of the amplifier. 

The dual gate MOSFET and the j.f.e.t. input stages can be used on 
their own as oscillator buffers. Isolation will not be as great as that 
afforded by the two-stage amplifier, and the output voltage available 
with the source follower configuration will be less than that supplied 
by the oscillator itself. In this connection, it is worth noting that a 
J310 j.f.e.t. will deliver a higher output voltage than a 2N3819. The 
output from these sim- 
ple, single stage f.e.t. 
buffers can be varied 
by substituting a 1 
kilohm potentiometer 
for the drain or source 
load resistor. 





Colpitts Oscillator 


With the Colpitts oscillator circuit, 
feedback is applied via a tapping in the 
tuning capacitor. Like the Hartley (where 
the inductor is tapped — see Part 1), it 
can be configured in either parallel or 
series fed modes, and simplified circuit 
diagrams depicting the two arrange- 
ments are given in Fig.3. 

The shunting of the ports of the main- 
taining device with fairly large amounts 
of capacitance contributes to the circuit's 
reputation for frequency stability, and it 
is widely used by radio amateurs as a 
narrow band oscillator. Output does, 
however, tend to vary with the setting of 
the tuning capacitor to a greater extent 
than with other LC circuits. 

The basic Colpitts oscillator has, per- 
haps more than any other, been modi- 
fied and developed by a succession of 
designers who have all attempted to 
reduce even further its already low level 
of drift. 





























(RF IN) 


Fig.2. Printed circuit board component layout and full-size foil 
master for a dual-gate MOSFET buffer amplifier. The p.c.b. 
also caters for different front ends. (See EPE PCB Service.) 


CONSTRUCTION —- BUFFER AMP 


The two-stage buffer amplifier is best assembled on a small p.c.b. 
A suitable component layout, based on Fig.1la, together with a full 
size copper track master is given in Fig.2. This board is available 
from the EPE PCB Service, code 238. Provision has been made for 
all of the alternative front-end arrangements described earlier. 

Construction should be fairly straightforward and should start 
with the smallest components working up to the largest. It is prob- 
ably best to leave the transistors until last. Check the finished board 
against the circuit diagram. Note that capacitor C1 is off-board and 
do not forget the single link wire. 

Connect the buffer to its own regulated output from the power 
supply, and house it in a separate metal enclosure, which should be 
located as close as possible to the oscillator in order to minimise the 
length of connecting leads. 


COLPITTS OSCILLATOR 


Having covered the measures which have to be taken in order to 
combat drift, we can now consider the next oscillator circuit in the 
series, the Colpitts and its variants. 

It will be recalled that feedback was applied to a tapping on the 
tuning inductor in the case of the Hartley circuit. With the Colpitts, 
feedback is applied via a tapping in the tuned circuit capacitance. 
Because of this, untapped, single winding coils can be used, and 
band switching is even simpler than with the Hartley. 





Fig.3. Simplified circuits for parallel (shunt) and series fed Colpitts oscillators. 
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Moreover, the transistor ports connected to the tuned circuit are 
shunted by fairly large amounts of capacitance, and this tends to 
swamp temperature related capacitance changes within the device 
itself. The Colpitts and its variants can, therefore, be made less 
prone to drift than other circuits. 

With most (but not all) Colpitts arrangements, the need to have 
fixed capacitors across the tuned circuit in order to maintain oscil- 
lation restricts the frequency coverage produced by a variable 
capacitor. Whilst this can be an advantage in circuits designed to 
cover a narrow band of frequencies, it is a drawback when wide 
coverage is required. Moreover, the signal output from the Colpitts 
oscillator is more dependant upon the tuning capacitor setting than 
some circuits, and this also militates against wide coverage. 

Despite these drawbacks, the opportunity to minimise drift has 
made the Colpitts and its variants popular when narrow frequency 
bands (e.g., the amateur bands) have to be covered. It is adopted 
almost universally when a simple variable frequency oscillator is 
required in receivers operating at v.h.f. and u.h-f. 


BASICS 


The commonly encountered versions of the basic Colpitts circuit 
are shown in Fig.3. In Fig.3a, the tuned circuit formed by inductor 
L and capacitors CJA and C/B is connected between the gate (g) 
and drain (d) of TR1. The source (which is grounded) is, in effect, 
connected to the tapping in the tuned circuit capacitance. This is a 
parallel or shunt fed arrangement. 

In Fig.3b one end of the coil L is grounded and the feedback is 
developed across an r.f. choke. The drain (d) is connected into cir- 
cuit via the power supply, and this circuit is, therefore, termed series 
fed. The impedance of the tapping point can be varied by changing 
the relative values of the two capacitors. Reducing C/A and increas- 
ing C/B will lower the impedance presented to the feedback con- 
nection and the damping on the tuned circuit. 

The capacitors are often of equal value, especially with the ver- 
sion depicted in Fig.3a. However, when the oscillator is used for 
more demanding applications, better performance can usually be 
achieved by making the relative value of C/B as large as possible 
consistent with reliable operation. 


SPOT-ON COLPITTS 


A Colpitts circuit suitable for generating a 
1kHz spot frequency is given in Fig.4. 
Bipolar transistor TR1 is used as the main- 
taining device in this shunt fed arrangement, 
and the tuned circuit formed by L1, Cl and 
C2 determines the frequency of oscillation. 

Bias is applied to the base (b) of TR1 by 


Parallel or Shunt Fed 
Colpitts Oscillators 


Two examples of the shunt fed Colpitts 
oscillator arrangement are given. The first, 
depicted in Fig.4, generates a 1kHz audio 
tone and can be used for modulating an 
RF signal generator or for providing a test 
signal. 

A good output voltage is developed with 
a waveform of reasonable purity. The cir- 
Cuit has the virtue of great simplicity, and 
an untapped, single winding inductor is all 
that is required. 

It could, with advantage, be substituted 
for the Hartley oscillator in the metal detec- 
tor circuit given in Part 1. With appropriate 
tuned circuit components, it will oscillate 
from below 100Hz to above 10MHz. 
However, above 10MHz its operation 
becomes erratic. 

How the basic Colpitts oscillator can be 
configured to give continuous coverage 
from 150kHz to 15MHz is shown in Fig.5. 
Although this arrangement generates a 
near perfect waveform, the Hartley (last 
month), Butler and Franklin (next month) 
circuits are to be preferred when a simple, 
wide coverage oscillator is required. 
Output from these circuits is more constant 
over the tuning capacitor swing, and they 
will operate up to 30MHz and beyond. 


generator. 
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resistor R1, and the signal is developed across R2, the collector (c) 
load resistor. C3, C4 and C6 are d.c. blocking capacitors, and poten- 
tiometer VR1 permits the adjustment of the output voltage. Bypass 
capacitor C5 makes the unit immune to changes in supply imped- 
ance (ageing batteries), and its value is related to the low operating 
frequency of the circuit. 

The unit is suitable for applying modulation to an r.f. signal gen- 
erator, and it works well with the buffer circuit described previous- 
ly. When used in this way, VR1 sets the modulation depth. 

Output voltage falls as the load impedance is reduced, but fre- 
quency remains pretty constant. (The signal level is 0-25V r.m.s. 
when the load is reduced to 1k). Because of this there is some inter- 
action between the output control potentiometer and the buffer 
amplifier (Fig.1) gain control preset VR1. 


The circuit oscillates vigorously, and can be used to generate spot 


frequencies with a tolerably good waveform from below 100Hz up 
to 1OMHz. Above 10MHz, operation becomes erratic. 


WIDE RANGE COLPITTS 


A Colpitts oscillator with fixed feedback capacitors is not partic- 
ularly suitable when wide and continuous frequency coverage is 
required. A version of the shunt fed circuit, in which feedback is 
applied to a tapping in the variable tuning capacitor, is, however, 
sometimes used as a wide coverage oscillator, and this arrangement 
is depicted in Fig.5. 

Because of the grounded feedback connection, a twin-gang vari- 
able capacitor, VCla and VC1b, can provide the feedback tapping 
and also tune the switched inductors. The moving vanes, connected 
by the spindle, form the tap, which is conveniently connected to 
ground. The fixed vanes are connected to either end of the inductor. 

The effective swing of a 360pF unit is, of course, reduced to 
180pF, but continuous coverage from 150kHz to 15MHz can be 
obtained with five switched inductors (six Toko coils will probably 
be required if coverage between 300kHz and 500kHz is included). 

A high input impedance f.e.t., TR1, has to be used in order to 
ensure reliable starting and oscillation over the full swing of the 
tuning capacitor V1 on all ranges. C2 is a d.c. blocking capacitor, 
resistor R1 ensures correct biasing, and diode D1 limits oscillation 


Fig.4. Circuit diagram for a Colpitts 1kHz a.f. oscillator for modulating an r.f. signal 


Fig.5. Circuit diagram for an r.f. oscillator, covering 150kHz to 15MHz, using an f.e.t. 
601 











amplitude in order to prevent forward conduction of the f.e.t.’s gate. 
An output is developed across L2, a radio frequency choke, and resis- 
tor R2 functions as a Q spoiler preventing erratic operation being trig- 
gered by its natural resonances. C4 is a d.c. blocking capacitor. 

Potentiometer VR1 acts as the source bias resistor, and its slider 
(moving contact) is connected to the r.f. bypass capacitor C3. 
Moving the slider towards earth (OV) leaves an increasing portion 
of the resistor unbypassed. The resulting negative feedback reduces 
the gain of TR1 and improves the output waveform. 

By this means the circuit can be adjusted to produce a near perfect 
sinewave, but this is at the expense of output voltage. Signal output 
also varies with the setting of the tuning capacitor (it reduces by 
approximately 60 per cent as the vanes are rotated from half mesh to 
fully open). The quoted output voltage is with the tuning capacitor 
set at half mesh and VR1 adjusted to give the best waveform. 

Above 15MHz, the circuit will not oscillate over the full swing of 
the tuning capacitor, and operation becomes increasingly erratic as 
frequency is raised. More refined versions of the circuit could, no 
doubt, be persuaded to give coverage up to, and beyond, 30MHz. 

Wide coverage can be obtained with much less bother with the 
Hartley, Butler and Franklin oscillators, and new twin-gang capaci- 
tors are expensive. The circuit has, however, been included for the 
sake of completeness. 


NARROW BAND COLPITTS - 
Bipolar Transistor Version 


In the bipolar transistor version of the narrow band Colpitts oscil- 
lator, shown in Fig.6, the tuning capacitance is 
made up of a pair of series connected feedback 
capacitors, C3 and C4; and two capacitors, Cl ABI 
and C2, which limit the effect of variable tuning | sits 
capacitor VC1. By restricting coverage in this} gfenasr 
way, the full 180 degree swing of the variable | — 
capacitor is required in order to traverse the} (ee 
band, and this ensures the lowest possible tun- | — 
ing rate (a very desirable feature when attempt- 
ing to resolve weak, amateur single-sideband 
transmissions). 

Capacitor C5 acts as the d.c. blocking capac- 
itor (because of the comparatively high value of 
this component, the circuit cannot be regarded 
as the Seiler variant, which is covered later), |  . 
and resistors R1 and R2 bias transistor TRI.| sits 
Resistor R3 and capacitor C6 are decoupling ——— 
components, and C6 also ensures that TR1 col- 
lector (c) is connected directly into the feedback 
circuit rather than via the power supply. Output and feedback volt- 
ages are developed across emitter (e) load resistor R4 and the rf. 
signal is extracted via the low-value d.c. blocking capacitor C7. 

Every port of the transistor is shunted by a capacitor, and this 
helps to minimise the effect of small changes in capacitance within 
the device itself. The values of C3 and C4 should, therefore, be as 
high as possible consistent with reliable starting and oscillation, but 
they may have to be tailored to ensure that the desired frequency 
coverage can be obtained with a particular coil and variable 
capacitor combination. 


START-UP 

Tuned circuit components for this standard Colpitts arrangement, 
are listed in Table 1. The values quoted for C3 and C4 will ensure 
reliable starting and operation with a wide range of transistor types. 
However, the use of a BF494 rf. transistor limits the reduction in 
output which occurs as the frequency of operation increases. 

Individual constructors may find it possible to improve the out- 
put waveform and/or further reduce drift by increasing the value of 
one or both of these capacitors. If this is done, the values of the 
other tuned circuit capacitors (and possibly the inductor) may need 
changing in order to restore the stated frequency coverage. 
Increasing the values of C3 and C4 will reduce the output voltage. 

On ranges where swing reducing capacitor C1 is not fitted, the 
fixed vanes of VC1 must, of course, be connected to the “hot”’ end 
of inductor L1. 


NARROW BAND COLPITTS - 
F.E.T. Version 


A Colpitts oscillator with a field-effect transistor (f.e.t.) as the 
maintaining device is shown in Fig.7. The tuning and feedback 
capacitor arrangements are the same as those listed in Table 1 for 
the bipolar version. 
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Fig.6. Circuit diagram for a narrow band Colpitts oscillator 


Table 1: Narrow band Colpitts oscillators 
Tuned circuit components for bipolar and f.e.t. versions. 
(See Fig.6 and Fig.7 for circuit diagrams.) 


Band Toko Base C1 C2 C3 C4 
MHz coil L1 wiring PF pF pF _ pF 
1°8 154FN8A6438EK A _ - 180 470 


18 8-5 turn type S18 ~ 10 18 82 £270 


Notes: (1) The type S18 coils have ferrite cores. (2) See Fig.17 for 
base wiring details. (3) When a swing reducing capacitor, C1, is not 
provided, the fixed vanes of tuning capacitor VC1 must be connect- 
ed directly to the “hot” end of the inductor. 















The gate (g) of the f.e.t. is grounded (OV) through coil L1 and the 
usual gate bias resistor is not required. Diode D1 should, however, 
be wired into circuit to limit oscillation amplitude and prevent for- 
ward conduction of the gate. 

A radio frequency choke, L2, has to be used as a source (s) load 
in order to ensure reliable oscillation with the f.e.t. version of the 
circuit. Resistor R2 spoils the Q of the choke and avoids any ten- 
dency for its resonances to affect the operation of the circuit. 








Resistor R1 and capacitor C5 decouple the circuit from the power 
supply, and C5 also ensures that the drain (d) of the transistor is 
effectively connected into the feedback circuit. (This is a series fed 
oscillator, and feedback would otherwise depend entirely upon the 
drain being connected through the power supply.) 

Output is taken from the source of TR1 via d.c. blocking capaci- 
tor C6. In order to minimise loading on the oscillator, this compo- 
nent should have the lowest possible value consistent with sufficient 
voltage being supplied to the accepting circuit. 

Signal output from this oscillator is significantly higher on the 
two lower frequency ranges (approximately 2-5V r.m.s.). Making 
the value of C6 small will, therefore, also have the desirable effect 
of evening out the signal level, as it will impede the lower frequen- 
cies more. (Output is greater because the values of feedback capac- 
itors, C3 and C4, have been reduced in order to ensure coverage of 
the 1-8 and 3-SMHz bands with a 5OpF variable capacitor.) 


SEILER COLPITTS VARIANT - 


Bipolar Transistor Version 

A radio amateur, E. O. Seiler, published a variant of the Colpitts 
oscillator in 1941. Developed during the valve ‘era, he originally 
described it as a “Low-C Electron-Coupled Oscillator”. Two up- 
dated semiconductor versions are given in Fig.8 and Fig.9. 

Seiler’s modification provided for the “grid” of the valve (now the 
base (b) of a bipolar transistor or the gate (g) of a f.e.t.) to be tapped 
down the tuned circuit by adding another capacitor, C3, to the feed- 
back chain connected across the coil L1. In the original valve version, 
this is a 100pF preset component which can be reduced until oscilla- 
tion is only just maintained. By this means, the isolation of the valve, 
from the tuned circuit, is made as great as possible, thereby enhanc- 
ing the frequency stability of the basic Colpitts circuit. 

It can be likened to the Lampkin variant of the Hartley oscilla- 
tor (see last month), where the base or gate of the maintaining 
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Table 2: Narrow band Seiler oscillator 
Tuned circuit components for bipolar transistor version. 


(See Fig.8 for circuit diagram.) 


Toko Base C1 
coil L1 wiring 












Band 
MHz 


C2 C4 
PF pF pF_ pF 








C5 













1°8 154FN8A6438EK B - —- 120 270 
3°5 154AN7A6440EK D ~ - 82 270 
7‘ 154FN8A6439EK A 27 - 120 270 
10 KXNK3767EK B 15 - 120 270 
14 KXNK3767EK A 47 —-—- 120 270 
18 8-5 turn type S18 - 47 —- 120 270 
21 5-5 turn type S18 - — - 82 180 






24-28 5:5 turn type S18 56 56 


Notes: (1) S18 coils for the 18MHz and 21MHz bands have ferrite 
cores. The coil for the 24MHz and 28MHz bands has an aluminium 
core. (2) A parallel, fixed tuning capacitor, C2, is not required on any 
range with the bipolar version. (3) See Fig.17 for base wiring details. 





device is tapped down the tuning inductor to achieve the same 
result. 

Because of their low base impedance, bipolar transistors do not 
lend themselves as readily as f.e.t.s to this circuit, and reducing the 
value of C3 below 500pF excessively attenuates the signal available 
at the base and inhibits oscillation. In the interests of consistent 
performance with a range of transistor types, the value of the addi- 
tional capacitor has, therefore, been fixed at 560pF for the bipolar 
version of the circuit. 

This is only a modest improvement over the-1nF capacitor spec- 
ified for the basic Colpitts oscillator. However, any reduction in 
tuned circuit damping is worthwhile, and constructors interested 
in experimenting with the bipolar version can use this value as a 
starting point and reduce it until reliable oscillation is only just 
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Fig.7. Narrow band Colpitts oscillator using an f.e.t. 


Fig.9. Narrow band Seiler variant of Colpitts oscillator using an f.e.t. 











Fig.8. Circuit diagram for a narrow band Seiler variant of 
Colpitts oscillator. 


maintained. Table 2 gives the values for the remaining tuning 
capacitors when C3 is 560pF. One or more of them will, of course, © 
need increasing if C3 is reduced in order to restore the stated 
coverage. 


SEILER VARIANT - F.E.T. Version 

The valve-like characteristics of field-effect transistors (f.e.t.s) 
makes them more suitable for the Seiler variant. A circuit diagram 
is given in Fig.9, and the functions of the various components have 
already been described in connection with other f.e.t. maintained 
oscillators. There is no d.c. path between the gate of TR1 and 
ground, and resistor R1 has to be provided in order to ensure correct 
biasing. 


Narrow Band 
Oscillators 


The Colpitts oscillator is widely used 
for coverage of the h.f. amateur bands. 
Bipolar and f.e.t. versions of a basic 
Colpitts circuit are illustrated in Fig.6 and 
Fig.7. 

Seiler’s adaptation, which attempts to 
further improve frequency stability by 
tapping the grid, base or gate of the 
maintaining device down the chain of 
feedback capacitors, is depicted in Fig.8 
and Fig.9. 

Clapp tried to improve on the basic 
circuit by adopting a series tuned, as 
opposed to a parallel tuned, LC network. 
Bipolar and f.e.t. versions of Clapp’s 
modification (Sometimes known as the 
Gouriet-Clapp circuit) are given in Fig.10 
and Fig.11. 

Another variant which attempts to 
improve on the basic Colpitts oscillator 
by modifying the tuning arrangements is 
the Vackar. Alternatives are given in 
Fig.12 and Fig.13, where a 7 network 
has been substituted for the original par- 
allel tuned circuit. 

The various Colpitts arrangements all 
have their advocates. Performance dif- 
ferences between them are slight, but 
they have probably been listed above in 
ascending order of improvement, with 
the Vackar as the most drift free. They 
must, however, be buffered, well con- 
structed, and the tuning and feedback 
Capacitors selected with care, if the 
claimed low levels of drift are to be 
achieved. 

Table 1 to Table 5 list the values of 
tuning components for all of the narrow 
band Colpitts variants. These circuits 
will, however, cover wider bands if 
desired, oscillating over the full swing of 
a 365pF variable capacitor, and down to 
100kHz and below, if appropriate induc- 
tors and feedback capacitors are fitted. 
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Table 3: Narrow band Seiler oscillator 
Tuned circuit components for field-effect transistor version. 
(See Fig.9 for circuit diagram.) 


Band Toko Base C1 C2 C3 C4 C5 
MHz coil L1 wiring pF pF pF pF pF 
1:8 154FN8A6438EK B - 82 47 120 270 


3°5 154FN8A6438EK A 120 270 
7 


56 —- 47 

154FN8A6439EK B 10 27 47 120 270 
B 15 560 82 120 
(56) (47) (120) (270) 

14 KXNK3767EK A 22 18 560 82 120 
(27) (56) (47) (120) (270) 

18 8-5 turntype S18 — 22 120 560 82 120 
(47) (120) (120) (270) 
21 55 turntype S18 — 82 82 560 82 120 
(47) (39) (120) (120) (180) 


24-28 5:5turntypeS18 —- 82 -—- 560 39 82 
(120) 56* (82) (82) (120) 


Notes: (1) The S18 type coils all have ferrite cores. (2) The figures 

in brackets are the component values for the Dow and Goral ver- 

sions. (3) On the 24MHz to 28MHz bands, the *56pF capacitor, C2, 

n hs ls only for the Goral version. (4) See Fig.17 for base wiring 
etails. 
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The ubiquitous 2N3819 is likely to prove too docile for this cir- 
cuit with the capacitor values specified in Table 3, so a J310 is 
strongly recommended. If difficulty is encountered in obtaining this 
particular f.e.t., a dual-gate MOSFET (e.g., a BF981) with its gates 
strapped together will probably perform well. 

Dow and Goral versions of Seiler’s modification are discussed 
later. These variants oscillate more vigorously than the basic f.e.t. 
arrangement, and enable the value of C3 to be kept low. 


CLAPP’S COLPITTS VARIANT 


Our next modification to the Colpitts oscillator is the Clapps’ 
variant. Depicted in Fig.10 and Fig.11, it was also conceived during 
the valve era. 

An American engineer, J. K. Clapp was the first to publish the cir- 
cuit. However, a British inventor, Geoffrey Gouriet, had already 
developed it during the early 1940’s, but wartime restrictions pre- 
vented him making his findings known. Strictly speaking, therefore, 
it should be called the Gouriet-Clapp variant. 

It involves the substitution of a series tuned for the parallel tuned 
circuit used in the original design. Advocates of the arrangement 
claim that it displays improved frequency stability. 

The formulae relating frequency, inductance and capacitance are 
the same as those used for parallel tuned circuits. However, with 
series tuned circuits, maximum Q is realised when the ratio of 
inductance to capacitance is as high as possible (with parallel tuned 
circuits, capacitance should be kept high in order to maximise Q). 
The series tuned circuit presents a low impedance to the base or gate 
of the maintaining device, and this results in a better match, espe- 
cially when a bipolar transistor is used (parallel tuned circuits pre- 
sent a high impedance at resonance). 


CLAPP’S VARIANT - 
Bipolar Version 


A bipolar version of the Clapp circuit is 
given in Fig.10, where C3 and C4 are the feed- 
back capacitors, and the series tuned circuit is 
formed by L1, C1, VC1 and C2. 

Transistor TR1 is biased by resistors R1, R2 
and preset potentiometer VR1. Preset VR1 
allows adjustment of the base voltage to suit 
individual devices. Details of the tuned circuit 
components are given in Table 4. 


CLAPP’S VARIANT - 
F.E.T. Version 


The circuit diagram of a f.e.t. maintained 
Clapp oscillator is given in Fig.11. There is no 
d.c. path between the gate of TR1 and ground, 
and resistor R1 must be provided to ensure the 
correct biasing of the transistor. 

The functions of the other passive components 
have been described in connection with earlier cir- 
cuits. The inductors and capacitors scheduled in 
Table 4 also apply to the f.e.t. version. 
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C6 
27p 


ss 


SIGNAL OUT 
(APPROX. 0.5V A.M.S.) 


SEE TABLE.4 FOR DETAILS OF L1 , C1, C2, C3 AND C4 





Fig.10. Circuit diagram for a narrow band Clapp variant of 
Colpitts oscillator. 


Table 4: Narrow band Clapp oscillators 
Tuned circuit components for bipolar and f.e.t. versions. 
(See Figs.10 and 11 for circuit diagrams.) 


Band Toko Base C1 C2 C3 C4 
MHz coil L1 wiring PF pF pF _ pF 
1:8 154FN8A6438EK B —- 100 680 1500 
35 154FN8A6438EK 270 470 
7 154FN8A6439EK 270 470 


14 154FN8A6439EK 120 180 


18 KXNK3767EK 82 120 
21 KXNK3767EK 82 100 
24-28 KXNK3767EK A 47 82 


Notes: (1) See Fig.17 for base wiring details. 


VACKAR COLPITTS VARIANT - 


Bipolar Transistor Version 

First published in 1945, the Vackar oscillator, like the Clapp, is a 
Colpitts variant involving a modification to the original tuning 
arrangements. With the Vackar, a 7T-section tuned circuit is used to 
achieve the necessary 180 degree phase reversal in the feedback loop. 

A circuit designed around a bipolar transistor is given in Fig.12, 
where the combination of capacitors C1, C2 and variable capacitor 
VC1, together with L1 and C4, comprise the 70-section tuned cir- 
cuit. Trimmer capacitor VC2 and C3 form an attenuation network, 
limiting the amount of feedback applied to the base of TRI. 
Keeping feedback as low as possible, consistent with reliable start- 
ing and oscillation, does much to ensure a good, harmonic-free 
waveform, minimal loading on the tuned circuit, and reduced drift. 


A 
B 
10 154FN8A6439EK A 180 270 
“A 
B 
B 


SIGNAL OUT 
(APPROX. 0.3V R.M.S.) 


SEE TABLE.4 FOR DETAILS OF L1, C1, C2, C3 AND C4 





Fig.11. Circuit diagram for a narrow band Clapp oscillator using an f.e.t. 
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Feedback coupling capacitor VC2 is tradi- 
tionally a high quality air-spaced trimmer. 
These components are expensive and no longer 
so readily available, and constructors may wish 
to try substituting a modern (and inexpensive) 
miniature preset capacitor with a film-dielec- 
tric. A component of this kind would not be 
suitable for permanent inclusion in the circuit, 
but it could be used to determine the minimum 
amount of capacitance needed to maintain 
oscillation and then be replaced by a fixed 
capacitor with an appropriate temperature coef- 
ficient. 

In the original Vackar oscillator, the relative 
values of the two capacitors which form the |  —s_ |, ©2 ams 
“legs” of the 7-section tuned circuit are main- | i “$s 
tained, as closely as possible, at a 6:1 ratio (the | | 
capacitor at the collector (c) end of inductor L1 
is the larger of the two). The two capacitors 
which act as the attenuation network are also 
kept at approximately this ratio (the capacitor 
between base or gate and ground is the larger). 

Ensuring reliable oscillation and securing the 
desired frequency coverage with a particular ——____— 
coil and variable capacitor combination tendsto | > 
shift the relationships away from this ideal. | __ 
Nevertheless, even compromised versions of the | “2? 
circuit are capable of good frequency stability | __ 
and of producing a waveform of excellent puri- | — 


The emitter and base biasing components | © 
shown in Fig.12 should ensure satisfactory | 
operation with a wide range of bipolar transis- 
tors. In this design, the output signal is devel- _ 
oped across L2, the radio frequency choke | © 
which forms the collector load for TR1. . 

Tuned circuit and feedback attenuationcom- | © 
ponents are scheduled in Table 5. 


VACKAR VARIANT - 
F.E.T. Version 


An f.e.t. version of the Vackar oscillator cir- | 
cuit is given in Fig.13. The source bias resistor ~ 
R2 and its bypass capacitor C5 must be provided 
when a J310 f.e.t. is used or the circuit will not 
oscillate. They can be dropped when a 2N3819 is the active device. 

The tuned circuit and attenuation network components listed in 
Table 5 are also suitable for this version. 


EXTENDING FREQUENCY COVERAGE 
- Using Colpitts at V.H.F. 


The Colpitts oscillator is often encountered in equipment work- 
ing at v.h.f. and u.h.f. Indeed, it is almost a standard feature in the 
front-ends of VHF-FM receivers. 


Table 5: Narrow band Vackar oscillators 
Tuned circuit components for bipolar and f.e.t. versions. 
(See Figs.12 and 13 for circuit diagrams.) 


Toko Base 
coil L1 wiring 
1:8 154FN8A6438EK 
3°5 154FN8A6438EK 
7 154FN8A6439EK 
10 154FN8A6439EK 
14 KXNK3767EK 
18 KXNK3767EK 
21 KXNK3767EK 
24-28 KXNK3767EK 


Notes: (1) See Fig.17 for base wiring details. 


Band 
MHz 





Table 6: Colpitts oscillator for V.H.F. operation 
Tuned circuit components. (See Fig.14 for circuit diagram.) 


Frequency Toko 
range MHz coil L1 
30-50 8:5 turn type S18 
3°5 turn type $18 
1-5 turn type S18 


material 
ferrite 
no core 

no core 


50-85 
85-120 
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Fig.12. Circuit diagram for a narrow band Vackar variant of Colpitts oscillator. 
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SIGNALOUT i 
(APPROX. 1V RMS.) oe 


SEE TABLE.5 FOR DETAILS OF L1, C1, C2, C3, AND C4 





SIGNAL OUT 
(APPROX. 1V RMS.) - 


Fig. 13. Narrow band Vackar oscillator using an f.e.t. 


A basic Colpitts circuit where the component values have been 
chosen to ensure reliable oscillation between 30MHz and 120MHz 
or more is shown in Fig.14. It is very similar to the narrow band 
bipolar circuit given in Fig.6, but here the value of the feedback 
capacitors, C1 and C2, is lower, the variable tuning arrangements 
are simpler, and the emitter resistor has been replaced by a radio 
frequency choke in order to ensure sufficient feedback. 

Many v.h.f. versions of the Colpitts circuit are often configured 
in the parallel, or shunt fed, mode depicted earlier in Fig.4, and the 
internal capacitances of the transistor can function as the tapped 


= BEETABLESFORDETALSOFLI™~ 





Fig.14. Circuit diagram for a v.h.f. Colpitts oscillator. 
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feedback capacitor (the base/emitter and the collector/emitter 
capacitances replace the C1/C2 combination of Fig.14). This can 
make the circuit difficult to recognise. 

When the internal capacitances of the active device function in 
this way, and particularly when the tuning coil is connected between 
base and collector (or gate and drain, or grid and anode), this 
Colpitts variant is often called an ultra-audion oscillator after one of 
Lee de Forest’s earliest valve circuits. 

Inductors for this circuit can be hand-wound with 18s.w.g. to 
22s.w.g. enamelled copper wire, and be self-supporting. Readers 
who prefer to use commercially produced coils could use inductors 
from the Toko range. Suitable types, together with the approximate 
coverage given by a 50pF variable capacitor, are listed in Table 6. 

Stray inductance and capacitance have an increasing effect with 
rising frequency, and connections must be as short as possible or the 
upper limit will be curtailed. Frequency stability leaves something 
to be desired (the simplest f.m. receivers incorporate drift correction 
measures), but the circuit can be used, in conjunction with the 
buffer amplifier described earlier, as a simple signal generator. 


DOW VARIANT 


Dow’s system of electron coupling was described last month in 
connection with the Hartley oscillator. The technique can also be 
applied to the Colpitts circuit and its Seiler and Clapp variants. 

In 1931, Dow published a circuit in which the cathode, control 
grid and screen grid of a pentode or tetrode valve are connected in 
an oscillatory circuit, and the signal is extracted via the anode. The 
only medium linking the actual oscillator with the signal take-off 
point is, therefore, the electron flow through the valve, hence the 
circuit’s name. Loading on the oscillator is greatly reduced, and 
frequency stability thereby improved. 

A dual-gate MOSFET can be used to simulate Dow’s modifica- 
tion, and a suitable circuit diagram is given in Fig.15 where the 





Fig, 15. Circuit ease an a narrow 7 aed Dow/Seiler variant of Colpitts 


oscillator. 





Fig.16. Circuit diagram for a narrow band Goral/Clapp variant of Colpitts 
oscillator. 
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(APPROX. 0.75V A.M.S.) 


ak SERIES CONNECTION 
TO INCREASE INDUCTANCE 


d) CONNECTION TO 
REDUCE INDUCTANCE 


Fig.17. Base connection details for Toko Coils. 


technique has been applied to a Colpitts/Seiler oscillator. The tuned 
circuit arrangements are identical to those already described and 
depicted in Fig.9. Here, however, a double-gate MOSFET, TR1, has 
been substituted for the j.f.e.t., and the output is developed across 
drain load resistor R4. Resistors R2 and R3 fix the potential on gate 
2, which is grounded at r.f. by capacitor C6. 

The dual-gate MOSFET oscillates more readily than the j.f.e.t., 
and the values of C3, C4 and C5 can be modified in order to reduce 
damping on the tuned circuit and improve impedance matching at the 
feedback injection point. Alternative values are quoted in Table 3. 

The isolation afforded by the structure of a solid-state device is 
not likely to equal that achieved with an evacuated valve. 
Nevertheless, this circuit is superior to the basic bipolar and f.e.t. 
versions, and the reduced tuned circuit damping improves fre- 
quency stability and makes output level more constant. 

Solid-state Dow circuits can display a tendency 
towards frequency doubling. This problem was not 
encountered when the modification shown in Fig.15 
was made to the basic Colpitts circuit (Fig.7), or to the 
Seiler and Clapp variants (Fig.9 and Fig.11). 

If frequency problems do arise, try reducing the 
supply voltage. If this fails to effect a cure, change 
the radio frequency choke to one of different induc- 
tance, and/or increase the value of the Q spoiling 
resistor RS. 


GORAL VARIANT 


The Goral oscillator circuit development involves 
the insertion of an emitter follower stage into the feed- 
back loop and is shown in Fig.16, where the modifica- 
tion has been made to the Clapp/Colpitts oscillator. It 
can also be applied, with equal success, to the basic 
Colpitts circuit, and to the Seiler variant. 

The improved power gain of the two transistor com- 
bination makes the circuit much more ready to oscil- 
late, and the values of feedback capacitors, C3 and C4, 
can be optimised for minimum tuned circuit damping 
and drift. This process is further assisted by the low 
impedance of the feedback connection from the emit- 
ter (e) of TR2, via potentiometer VR1. 

Signal output is developed across collector (c) load 
resistor RS, and the isolation, although slight, of the 
take-off point, from the tuned circuit, also helps to 
reduce damping and drift. 

Resistor R4 and capacitor C6 decouple the addition- 
al stage, and C7 functions as a d.c. blocking capacitor. 
Potentiometer VR1, which forms the emitter load for 
TR2, enables the level of feedback to be set as low as 
possible. Minimising feedback improves the output 
waveform (it can be made near-perfect with this 
arrangement), reduces its harmonic content, and 
improves the frequency stability. 

Although a 2N3819 f.e.t. will function in this circuit, 
the J310 specified enhances performance and is very 
much to be preferred. 

Next month: The construction of a stabilised power 
supply, simple probes to enable r.f. voltages to be mea- 
sured with ordinary test meters, and the Armstrong, 
Butler, Franklin and Meissner oscillators will be 
described. 
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VIDEOS ON 
ELECTRONICS 


A range of videos selected by EPE and designed to provide instruc- 
tion on electronics theory. Each video gives a sound introduction 
and grounding in a specialised area of the subject. The tapes make 
learning both easier and more enjoyable than pure textbook or 
magazine study. They have proved particularly useful in schools, 
colleges, training departments and electronics clubs as well as to 
general hobbyists and those following distance learning courses etc 





VT201 to VT206 is a basic electronics course 
and is designed to be used as a complete 
series, if required. . 

VT201 54 minutes. Part One; D.C. Circuits. 
This video is an absolute must for the begin- 
ner. Series circuits, parallel circuits, Ohms 
law, how to use the digital multimeter and 
much more. Order Code VT201 
VT202 62 minutes. Part Two; A.C. Circuits. 
This is your next step in understanding the 
basics of electronics. You will learn about how 
coils, transformers, capacitors, etc are used in 
common circuits. Order Code VT202 
VT203 57 minutes. Part Three; Semicon- 
ductors. Gives you an exciting look into the 
world of semiconductors. With basic semicon- 
ductor theory. Plus 15 different semiconduc- 
tor devices explained. 


Order Code VT203 





VT204 56 minutes. Part Four; Power 
Supplies. Guides you step-by-step through 
different sections of a power supply. 

. Order Code VT204 
VT205 57 minutes. Part Five; Amplifiers. 
Shows you how amplifiers work as you have 


never seen them before. Class A, class B, 


class C, op.amps. etc. | Order Code VT205 
VT206 54 minutes. Part Six; Oscillators. 
Oscillators are found in both linear and digi- 
tal circuits. Gives a good basic background in 


oscillator circuits. Order Code VT206 


inc. VAT & postage 








Order 8 or more get one extra FREE 
Order 16 get two extra FREE | 

















ORDERING: Price includes postage to anywhere in the world. 


OVERSEAS ORDERS: We use the VAT portion of the price to pay for airmail postage 
and packing, wherever you live in the world. Just send £34.95 per tape. All payments 
in £ sterling only (send cheque or money order drawn on a UK bank). 


Visa and Mastercard orders accepted — please give card number, card expiry date and 
cardholder’s address if different from the delivery address. 


Orders are normally sent within seven days but please allow a maximum of 28 days, 
longer for overseas orders. 


Send your order to: Direct Book Service, 33 Gravel Hill, Merley, Wimborne, Dorset 
BH21 1RW (Mail Order Only) 


Direct Book Service is a division of Wimborne Publishing Ltd., Publishers of EPE 
Tel: 01202 881749. Fax: 01202 841692 
Due to the cost we cannot reply to overseas orders or queries by Fax. 
E-mail: editorial@epemag.wimborne.co.uk 
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4 
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VCR MAINTENANCE 
VT102 84 minutes: Introduction to VCR 
Repair. Warning, not for the beginner. 
Through the use of block diagrams this 
video will take you through the various 
circuits found in the NTSC VHS system. 
You will follow the signal from the input to 
the audio/video heads then from the 
heads back to the output. 

Order Code VT102 
VT103 35 minutes: A step-by-step easy to 
follow procedure for professionally clean- 
ing the tape path and replacing many of 
the belts in most VHS VCR's. The viewer 
will also become familiar with the various 


parts found in the tape path. 
Order Code VT103 


DIGITAL 

Now for the digital series of six videos. This 
series is designed to provide a good ground- 
ing in digital and computer technology. 

VT301 54 minutes. Digital One; Gates begins 
with the basics as you learn about seven of 
the most common gates which are used in 
almost every digital circuit, plus Binary 


notation. Order Code VT301 


VT302 55 minutes. Digital Two; Flip Flops 
will further enhance your knowledge of digital 
basics. You will learn about Octal and 
Hexadecimal notation groups, flip-flops, 
counters, etc. Order Code VT302 
VT303 54 minutes. Digital Three; Registers 
and Displays is your next step in obtaining a 
solid understanding of the basic circuits 
found in today’s digital designs. Gets into 
multiplexers, registers, display devices, etc. 

Order Code VT303 
VT304 59 minutes. Digital Four; DAC and 
ADC shows you how the computer is able to 
communicate with the real world. You will 
learn about digital-to-analogue and ana- 
logue-to-digital converter circuits. 

Order Code VT304 
VT305 56 minutes. Digital Five; Memory 
Devices introduces you to the technology 
used in many of today’s memory devices. You 
will learn all about ROM devices and then 
proceed into PROM, EPROM, EEPROM, 
SRAM, DRAM, and MBM devices. 

Order Code VT305 
VT306 56 minutes. Digital Six; The CPU 
gives you a thorough understanding in the 
basics of the central processing unit and the 
input/output circuits used to make the system 


work. Order Code VT306 
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RADIO 
VT401 61 minutes. A.M. Radio Theory. The 
most complete video ever produced on a.m. 
radio. Begins with the basics of a.m. trans- 
mission and proceeds to the five major stages 
of a.m. reception. Learn how the signal is 
detected, converted and reproduced. Also 
covers the Motorola C-QUAM a.m. stereo 
system. Order Code VT401 


VT402 58 minutes. F.M. Radio Part 1. FM. 
basics including the functional blocks of a 
receiver. Plus r.f. amplifier, mixer oscillator, 
if. amplifier, limiter and f.m. decoder stages 
of a typical f.m. receiver. Order Code VT402 





VT403 58 minutes. F.M. Radio Part 2. A con- 
tinuation of f.m. technology from Part 1. 
Begins with the detector stage output, pro- 
ceeds to the 19kHz amplifier, frequency dou- 
bler, stereo demultiplexer and audio amplifier 


stages. Also covers RDS digital data encoding 
and decoding. Order Code VT403 


MISCELLANEOUS | 
VT501 58 minutes. Fibre Optics. From the 
fundamentals of fibre optic technology 
through cable manufacture to connectors, 
transmitters and receivers. 

Order Code VT501 
VT502 57 minutes. Laser Technology A basic 
introduction covering some of the common 
uses of laser devices, plus the operation of the 
Ruby Rod laser, HeNe laser, CO, gas laser 
and semiconductor laser devices. Also covers 
the basics of CD and bar code scanning. 


Order Code VT502 











Each video uses a mixture of animated current 
flow in circuits plus text, plus cartoon instruc- 
tion etc., and a very full commentary to get the 
points across. The tapes are imported by us and 
originate from VCK Educational Products Co, 
an American supplier. We are the worldwide 
distributors of the PAL and SECAM versions of 
these tapes. (All videos are to the UK PAL stan- 
dard on VHS tapes unless you specifically 
request SECAM versions.) 


607 





bi 
| 
| 
| 


| 


ny Se ee 


GRA AA ei a ce ees a) 


Constructional Project 


SOUND 
_ ACTIVATED 
SWITCH 


BART TREPAK 


Showing how a logic gate can be used as 











an audio amplifier and a voltage switch. 


many circumstances, especially 

when “hands free’”’ operation of a 
piece of equipment is required. They are 
often used, for example, to automatically 
switch on a tape recorder (or a digital solid 
state equivalent) to record a sound or con- 
versation without “wasting” tape during 
quiet periods. 

Many inexpensive cassette recorders 
have a remote switch input to enable the 
recorder to be switched on from the micro- 
phone and a circuit of this type can easily 
be connected to it to start the recording 
automatically. 

As well as this, sound activated switches 
can be useful in applications such as inter- 
coms, baby alarms, security alarms or 
photographic work, and there are no doubt 
many others. 


S™= activated switches are useful in 


This circuit arose from a requirement for » 


a basic microphone interface to logic cir- 
cuits without having to build one from 
scratch each time. Since it was not built for 
any specific application, a number of out- 
puts were provided, including an amplified 
version of the sound waveform. With a few 
additional components, however, the circuit 
can easily be used as a sound-operated 
switch with other equipment. 

It is suited to being supplied by a 9V PP3 
battery. The choice of case has been left to 
users, to meet their own requirements. 


CONSIDERATIONS 


Most circuits of this type published over 
the years use a microphone signal which is 
amplified to a suitable level by an op.amp. 
The signal is then rectified and fed to a 
comparator which switches when the signal 
exceeds a certain level. This is then used to 
switch a relay or other device, which in turn 
controls an appliance. 

The problem with using op.amps with 
digital logic is that the output of most 
op.amps does not switch fully between the 
supply rails. Thus, with a 5V supply for 
instance, the output will typically switch 
between 0-5V and 3V. This is not too much 
of a problem if a relay driver transistor is to 
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be connected to the output, but it may not 
work satisfactorily with a logic circuit 
unless extra interface components are used. 

Many of the low-cost op.amps (e.g. 741) 
also require a supply voltage greater than 
that at which most logic circuits operate. 
This means that a separate supply would 
need to be used, together with level shifting 
components to bring the output swing with- 
in logic levels. 

As well as this, differential inputs, 
although improving performance as regard 
to hum or interference, require a positive 
and negative supply which is not often 
available in logic circuits. 

This circuit overcomes the difficulties 
encountered in using op.amps and provides 
a variety of outputs for virtually any appli- 
cation. The component count is very low — 
only 17 low cost components are required 
(and that includes the microphone). 

The circuit will operate down to about 
3V, drawing a current of less than 0-SmA. 
At 5V, the supply current is around 1mA 
and even at 9V is only around 5mA, which 
compares quite favourably with an op.amp 
design. The circuit can be used at up to 
15V, although the current drain is then a bit 
excessive. 


LOGICAL AMPLIFIER 


Since a logic level output is required and 
we are not after hi-fi standards, a logic gate 
is used as the input amplifier. The circuit 
uses two of the six inverters inside a 4069 





Fig.1. Basic CMOS 4069 inverter. 








CMOS chip to amplify the signal, which is 
picked up by a small electret microphone. 
The 4069 is one of the cheapest devices in 
the CMOS range and with the addition of a 
single feedback resistor, which effectively 
biases the output to mid-supply voltage, it 
makes a very useful amplifier. 

The internal circuit of one CMOS 4069 
inverter (excluding the input protection 
components) is shown in Fig.1 and consists 
of two transistors: a p-channel and an 
n-channel MOSFET. 

It must be noted, however, that most 
devices in the 4000 CMOS series contain a 
buffer following the logic function, utilis- 
ing two cascaded inverters of the type 
shown to achieve sharper input-output volt- 
age characteristics and reduced switching 
times. They are labelled “B” for buffered 
(e.g. 4049B), whereas the unbuffered types 
are labelled “UB” (e.g. 4069UB). 

In normal operation, if the input is held 
at OV, the output of a logic inverter will be 
at the positive supply rail with the p-chan- 
nel transistor conducting and the n-channel 
device cut off, with the device drawing 
only a minute leakage current. 

This will also be the case if the input 
voltage is increased slowly until (typical- 
ly) the mid-point is approached, when the 
p-channel device will begin to turn off and 
the n-channel device turn on. The supply 
current will also begin to rise because both 
transistors are now conducting. The 
device will now operate as a linear ampli- 
fier and as the input voltage is further 
increased, the output will continue to fall. 


SLOPING OFF 


Because a buffered device has a fairly 
high gain (especially if two such devices are 
cascaded) a small increase in the input volt- 
age will cause such a large output swing that 
the output will switch completely, with the 
n-channel device hard on and the p-channel 
transistor hard off (see Fig.2a) and the cir- 
cuit drawing a microamp or less. 

With the UB device, this action is more 
gentle (as shown in Fig.2b) and a situation 
can easily be arranged where both 
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unbuffered (b) CMOS inverters. 


transistors are conducting and the device 
functions as a stable linear amplifier, with 
the output at about the mid-supply voltage. 
Since both transistors will be conducting in 
this state, the current flow will be in the low 
milliamps range and will depend on the 
supply voltage. 

The major limitation of this circuit as an 
amplifier is that its gain also depends to a 
large extent on the supply voltage, as does 
its relatively high output impedance which, 
together with any load capacitance, deter- 
mines the bandwidth. 

At higher voltages, the output impedance 
is lower, giving an increased bandwidth. It 
is also not the last word in hi-fi from the 
point of view of distortion or noise but, 
despite this, the sensitivity of the unit is 
sufficient to enable it to respond to a sound 
at normal conversation level within one or 
two metres. 

The electret microphone used also has a 
built-in amplifier to reduce its output 
impedance and noise pick-up, and this no 
doubt helps. A problem is that, because the 
gain tends to be somewhat higher at low 
voltages, the sensitivity of the unit is high- 
er with a 5V supply than at 9V. This can 
also be seen from Fig.2b, which shows the 
transfer characteristic for the 4069UB at 
SV and 10V. 


CIRCUIT DIAGRAM 


The circuit diagram of the Sound 
Activated Switch is shown in Fig.3. The 
microphone is biased by resistor R1 and the 
a.c. signal coupled to the input of the first 
inverter, ICla, which is biased into its lin- 
ear mode by resistor R2. 

The output of this stage consists of an 
amplified version of the sound signal and 
this is fed to a similar stage built around 
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| another inverter 
| UiC1b), which ampli- 
| fies it further. The out- 
| put signal from IC1b 
| can be tapped at test 
| point TP1, from where 
| it may be used to feed a 
| suitable power amplifi- 
| er, depending on the 
| application. 

As mentioned, earli- 
er, this signal is not by 
any means in the hi-fi 
| category. It will be 

about 1V peak-to-peak 





Fig.2. Comparison of switching slopes for buffered (a) and for normal conversa- 


tion levels. Louder 
sounds will obviously 
result in a larger output (with increasing 
distortion) limited by the supply voltage. 
Interestingly, while distortion obviously 
increases as the output approaches the 
upper and lower supply limits, this amplifi- 
er progressively “rounds off’ the signal 
peaks in a manner more reminiscent of a 
valve amplifier, rather than clipping them, 
as would occur in an op.amp. 


OUTPUTS 

CMOS inverters, even the UB types, 
have a relatively steep input logic transfer 
characteristic. With a 5V supply, an input 
change of less than 1V produces an output 
swing of nearly the full supply. With a 10V 
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supply, an input change of around 3V is 
required to do this. 

Since the transition occurs at around the 
mid-supply voltage, connecting the output 
of the amplifier stage (which is biased to 
the mid-supply rail voltage) to another 
inverter would result in the output of this 
stage oscillating between the two supply 
rails, due to stray noise (both audio and 
electrical) reaching the input. 

By placing a potential divider (R4/R5) at 
the output of amplifier IC1b, the input of 
the next stage, IC1c, will be held slightly 
below its threshold voltage and the output 
of this stage will remain at the positive sup- 
ply (logic 1 level) when there is no sound 
reaching the microphone. 

When a sound is picked up by the micro- 
phone, the output of the amplifier stage will 
swing between the logic levels in sympathy 
with the signal and, since the threshold of 
the next inverter, IC1c, is at around half the 
supply rail voltage, each time this voltage is 
exceeded, the output of this stage will 
switch to a low level. This is illustrated in 
Fig.4, which shows the waveforms at dif- 
ferent points in the circuit. 

Inverter IClc, therefore, provides faster 
switching, with its output pulses coinciding 
with the peaks of the sound picked up by 
the microphone. 

This may be useful in some applications 
where, for example, the frequency of the 
sound needs to be measured, but could not 








Fig.3. Complete circuit diagram for the Sound Activated Switch. 
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be used to switch on a tape recorder, for 
which a steady “on” signal is required. This 
condition is achieved by using the negative- 
going output of IClc to charge up capacitor 
C4 via diode D1. 

The diode prevents the capacitor from dis- 
charging when the output goes high again. 
When a sound is picked up by the micro- 
phone, the voltage on this capacitor will 
therefore fall to the negative supply, causing 
the output of inverter IC1d to go high. 

When the sound ceases, capacitor C4 
discharges via resistor R6, until the voltage 
at the input of IC1d eventually rises above 
the logic threshold, causing the output of 
ICld to switch low again. By varying the 
value of R6 and/or C4, the length of time 
for which the output of ICld stays high 
after the sound has ceased can be varied to 
suit the application. 

The relatively gentle nature of the 
input/output characteristics of the 
unbuffered 4069 inverter, coupled with the 
slow discharge of C4 via R6, means that the 
output of ICld tends to switch uncleanly. 
With the inverter now spending more time 
in the linear region while C4 discharges, 
intermittent oscillation can occur and its 
output is not suitable for connecting to 
other logic circuits. The two final inverters, 
ICle and IC1If are therefore combined with 
resistors R7 and R8 to form a Schmitt 
Trigger circuit, which uses positive feed- 
back to sharpen the response. 


CONSTRUCTION 


Component and track layout details of 
the printed circuit board are shown in Fig.5. 
This board is available from the EPE PCB 
Service, code 240. 

Assemble the components in order of 
size, and use a socket for IC1. Remember 
that the i.c. is a CMOS device and should 
be handled accordingly, discharging static 
electricity from yourself before handling it. 

Two short pieces of tinned copper wire, 
such as discarded resistor leads, need to be 
soldered carefully to the two pads on the 
back of the microphone capsule. Although 
it is not apparent from the circuit symbol, 
_ electret microphones have a built in ampli- 
fier and must therefore be connected to the 
circuit with the correct polarity. The OV ter- 
minal is the one connected to the metal 
body of the capsule. 

Use terminal pins for off-board wiring 
connections to other circuitry, as required 
by the application. 


APPLICATIONS 


Depending on the application, the out- 
puts of the unit can be connected to a vari- 
ety of devices. ; 

Output TP1 provides the amplified, but 
otherwise unmodified, microphone signal 
from IC1b. 

Output TP2 provides a roughly rectangu- 
lar waveform having the frequency of the 
original signal. Since it switches between 
OV and the positive supply rail, it may be 
used as an output to other logic circuits for 
further processing, such as frequency mea- 
surement. | 

Outputs TP3 and TP4 provide logic low 
and logic high levels for as long as the 
sound persists. Output TP4 can be used 
directly for interfacing with other logic cir- 
cuits or, for example, to the relay driver 
shown in Fig.6. 
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Fig.5. Printed circuit board component 
layout and full size copper foil master 
track pattern. 





The relay can be used to switch on any 
appliance, e.g. tape recorder, lamp etc., 
depending on its ratings. 

To prevent the relay from switching on 
and off during short periods of silence, the 
value of resistor R6 or capacitor C4 may 
need to be increased. This should be done 
by trial and error: too small a value will 
cause the relay to keep switching on and off 
very often, while too high a value will 
result in the relay staying on for a long peri- 
od after the sound has ceased. 

For applications where a longer delay is 
required, and where the device may be trig- 
gered by a loud initial sound which then 
dies away, the value of C4 may be 
increased to allow lower values of R6 to be 
used. It is possible to use electrolytic 
capacitors here and, in this case, the posi- 
tive terminal should be connected to the 
positive supply line. 


+V (TO SUIT RELAY) 


Fig.6. Interfacing to a relay. 


COMPONENTS 


rtd See 

1 10k 

R2, R4, R7 47k (3 off) ShlOlP 
ae TALK 


R5 

(see text) 
R6 4M7 (see text) 
R8 470k 


Capacitors 
C1, C3, C4 100n ceramic (3 off) 
C2, C5 


100p ceramic (2 off) 
C6 10u radial elect. 16V 


Semiconductors 
D1 1N4148 signal diode 
IC1 4069UB hex inverter 


Miscellaneous 
MIC1 electret microphone, 
2-terminal 
Printed circuit board, available from the 
EPE PCB Service, code 240; terminal 
pins, 14-pin d.i.l. socket; connecting wire; 


solder, etc. 


PHONE TRIGGERED 


A useful application for this circuit would 
be to switch on a lamp to signal that the tele- 
phone is ringing. This would be helpful in a 
noisy office or workshop, or perhaps at home 
for someone who is hard of hearing. 

For this sort of application to be success- 
ful, it is important to ensure that there are 
no “false alarms’’. Frequent trips to the 
telephone, only to find that the lamp has 
been triggered by a passing car or some 
other noise and not the phone, will not 
endear you to your granny! 

Place the microphone close to the tele- 
phone and reduce the circuit’s sensitivity so 
that only the telephone can make a loud 
enough sound. This can be done by 
decreasing the value of R5, using trial and 
error or by fitting a preset. The maximum 
value should not exceed 470k (with R4 as 
specified) as values greater than this may 
prevent the circuit from operating properly. 

Performance could be further improved 
by choosing a value for R6 to keep output 
TP4 high only for the duration of each ring 
(around 2-2MQ with C4 at 100nF). This will 
cause the lamp to flash in the characteristic 
UK telephone ringing pattern, making it not 
only more noticeable, but easier to recognise 
in the event of triggering due to other noises, 


y.Vo) eo) ge) am Grek ys 
Guidance Only 
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Fig.7. Baby alarm application. 
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which would cause the lamp to flash in a 
different way. 


BABY MINDER 


Another application would be as a baby 
alarm, as in Fig.7. Here, output TP4 would 
be used to control the output of an audio 
amplifier switching it (or the loudspeaker) 
on when a sound is detected. 

The actual sound (from output TP1) 
would be fed to the amplifier input allow- 
ing the baby sitter to hear if the baby was 
crying or simply stirring and thus deter- 
mine whether or not it needed attention. 


P.A. CONTROL 


A similar application could be devised 
where, for example, public announcements 
need to be made during which the normal 
background music has to be interrupted. It 
should be appreciated, however, that 
although the circuit is fast, it still takes time 
to operate, especially if a relay is used for 
the switching. It could be found that the 
beginning of any announcement is not 
transmitted. 

In such applications, the use of a trans- 
mission gate such as the 4066 quad ana- 
logue multiplexer is recommended to 
switch the signal. A possible scheme is 
shown in Fig.8. Here the four gates within 
the 4066 are used in pairs and controlled by 
outputs TP3 and TP4. 

Since TP3 is normally high, the signal at 
the music input will be transmitted to the 
volume control, while its lower end will be 
held at OV by the other transmission gate 
connected to output TP3. Whenever an 
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Fig.9. Application as a camera flash 
trigger. 


announcement is made, these two gates 
will switch off and output TP4 will go high 
switching on the other two gates. 

The audio signal from the microphone 
will then be applied to one end of the vol- 
ume control potentiometer, while its other 
end will be grounded. The relative volume 
of the music and announcement signals can 
therefore be set as required. 


Note that neither of these circuits take 
into account any d.c. offset voltages which 
may exist in the signal path. These would, 
of course, have to be decoupled to ensure 
that there were no sudden thumps when the 
speaker or the inputs were switched. The 
values of R6 and/or C4 may also need to be 
adjusted for best results. | 

In this application, the person making 
the announcement would, no doubt, be very 
close to the microphone and so the sensi- 
tivity would need to be suitably reduced by 
using a lower value for RS. 


FLASH TRIGGER 


Finally, the circuit could also be used as 
a sound-operated flash trigger. to photo- 
graph such things as bursting balloons, 
breaking glass etc. Most flash guns operate 
by placing a short circuit on an input and, 
as in this case the speed of operation is 
important, a thyristor is a better device to 
use than a relay. | 

As shown in Fig.9, The thyristor can be 
connected to output TP4, which will take 
the gate positive (via a resistor of, say, 
1kQ2) when a sound is detected, triggering 
the thyristor and operating the flash. The 
operation must, of course, be carried out in 
a darkened room with the camera shutter 
open so that the film is only exposed when 
the flash operates. 

However, since such uses were not the 
author’s primary reason for building the 
circuit, the above applications are only 
given as “design ideas”’ and have not been 
built or tested. Other uses for the circuit 
will no doubt occur to readers. 
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ALAN WINSTANLEY 
and IAN BELL 


CIRCUIT 








Our team of in-house circuit surgeons take the lid off an apparently simple-looking 
multivibrator circuit whose operation has often defied explanation until now. More on 
Live Supplies and transistor substitutes as well. 


I ET us sift through this month’s post bag 
d commence with a comment regard- 
ing the mains supply. 


Electric Enlightenment 

Apropos your item “Live Supplies” in the 
July 1999 Circuit Surgery, in the mains- 
power designation L,N,E the L stands for 
“line” — not “live”. It is an abbreviation of 
“active line” which describes that con- 
ductor from the supplying transformer’s 
secondary winding which is at an elevated 
electrical potential and which provides 
active power; and distinguishing it from 
the neutral conductor providing the return 
path to the other end of the transformer’s 
secondary winding, and which neutral 
conductor is held at or near zero or earth 
potential by being connected also to earth 
at the supplying transformer and usually at 
intermediate points. 

The neutral (N) conductor is not intend- 
ed to provide a route for active-to-earth 
faults. The absorption of earth faults is the 
safety function of the appliance’s earth 
terminal, which may be connected usually 
to a separate earthing conductor or 
directly to earth at the consumer’s supply 
terminal. 


Active Line 

The electrical potential difference 
between the active line of the a.c. supply 
and the neutral conductor is maintained by 
control at the generating source at a spec- 
ified value (now 230V r.m.s. single phase 
in Britain as subjugated by the European 
Union). 

“Live” means that which is living as 
opposed to dead. Far from being a suppli- 
er of life, contact with the active line can 
have just the contrary effect! 

The explanation may be considered 
pedantic by some of your readers but des- 
ignations have the meanings properly 
ascribed to them which should not be 
adulterated even though it is currently 
often thought clever to do so (although, of 
course, excuse may be made for those 
who have not been exposed to enlighten- 
ment as per Epeeti!) J.H. Eastaugh, 
Chesham. 
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The information provided last month 
concerning earthing is correct, but hope- 
fully this month’s follow-up article on 
power distribution will clarify the tech- 
niques of earthing and other aspects of the 
mains power supply. Whilst you are, of 
course, right to say that “Line” is the cor- 
rect technical term applied to a phase, it 
can be a virtually meaningless expression 
to the average electronics hobbyist or non- 
electrician. Everyone knows what the 
“Live” is, hence I deliberately used Live in 
Fig.3 last month and not Line. 
Manufacturers of British mains plugs man- 
age to skirt around this problem by simply 
designating the live terminal as “L’’. 

In actual fact, electrical engineers talk in 
terms of line-to-line voltages. Thus, a 
415V three-phase transformer has 415V 
between any two phases. An actual voltage 
of 240V (415+V3) exists between the star 
point and an individual line. Similarly, the 
15-75kV (line-to-line voltage) power gen- 
erator I talk about in this month’s feature 
actually has 9-1kV induced into the indi- 
vidual star-wired windings. 


In Harmony 

The domestic supply is still provided at 
240V but due to the murky workings of the 
EU, and because areas of Europe still use 
220V, the European supply was officially 
“harmonised”’ at 230V. (Imagine if they 
applied the same methodology to British 
roads, we’d be told that officially, we drive 
on the right.) 

Your final sentence caused a wry smile. I 
do hope you will agree that far from “‘adul- 
terating”’ any terminology for the sake of it, 
it is considered part of the job to interpret 
and translate into Everyday language the 
often esoteric jargon and highly complex 
practices used in the electricity industry. 

I would perhaps add that generally 
speaking, it is actually much harder to 
write such material because no prior tech- 
nical knowledge on the part of the reader 
could be assumed. ARW. 


Mysterious Multivibrator 
Some very simple- -looking circuits have 
an operation which is more complex (or 


hard to explain!) than their apparent sim- 
plicity would suggest. M.L. Unsted, East 
Sussex writes: 


Although I find EPE an excellent maga- 
zine for someone new to the subject, with 
usually good explanations of circuit oper- 
ation, sometimes though, a relatively sim-. 
ple circuit design comes along which does 
not behave as I would expect! 

One such article is the Lighting Up 
Reminder, in the March 1998 issue. I tried 
the circuit on a prototype board, measur- 
ing voltages at different points with a 
meter and an oscilloscope. 

Could you explain why transistor TRI 
turns off when its base is being pulled neg- 
ative by TR2 collector, and the already 
positive base-emitter voltage of TR2 is fur- 
ther enhanced via capacitor Cl, by the 
rapidly rising voltage across resistor R2 as 
TRI turns on? I can see that when TRI 
does turn off, the base of TR2 will be dri- 
ven several volts negative, thus giving a 
delay between pulses. A question worthy of 
Circuit Surgery / think! 


In view of our new series on Practical 
Oscillator Designs, we felt this design was 
worth revisiting. The Lighting-Up 
Reminder circuit is re-drawn in Fig. 1. The 
Editor tells us that the circuit description 
was deliberately omitted because there was 
more than one opinion concerning how the 
circuit operated in reality! 

The Surgery writers were interested to 
discover another published use for this 
type of circuit that also lacked the accom- 
panying explanation. It is a Variable Speed 
Metronome by B.B.Babani in First Book of 
Practical Electronic Projects (published 
20 years ago). 

The l.e.d. D1 and resistor R2 are replaced 
by a 16 loudspeaker, R1 is a 250kQ pot 
plus a 22kQ resistor and capacitor C1 is 
15uF. The transistors are different too, of 
course. No text accompanies the circuit, 
only the schematic is given in the book! 


Relax 
The circuit is actually an astable multivi- 
brator, because it continuously switches 
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between two states. However, it could also 
be described as a relaxation oscillator as it 
spends almost all of its time in one of the 
states. The transistor multivibrator circuits 
we will describe here are perhaps good 
examples of simple circuits that have a 
large number of possible applications for 
the hobbyist (limited only by your 
creativity!). 

There has been some debate in the EPE 
Letters pages on the merits of such simple 
circuits compared with more sophisticated 
PIC based projects. Apart from being use- 
ful in themselves and simple to construct, a 
big advantage of experimenting with small 
transistor circuits is they can help under- 
standing of fundamental concepts that can 
be put to good use in a wide variety of 
designs (including interfacing PICs to the 
“real world’’). 





Fig.1. Redrawn circuit diagram for the 
basic Lighting-Up Reminder, taken 
from the March ’98 issue of EPE. 





Fig.2. A well recognised astable multi- 
vibrator circuit. 


Classic Astable | 


For the benefit of readers unfamiliar with 
multivibrators, it is worth taking a look at 
a more popular (and possibly easier to 
understand) circuit for a classic two tran- 
sistor astable multivibrator. The circuit dia- 
gram is shown in Fig. 2: old hands will 
know straight away that the “crossover” in 
the middle of the circuit is a hallmark of 
such a multivibrator: the transistors are 
wired in a cross-coupled fashion — i.e. the 
collector of one is connected the base of 
the other via one of the capacitors. 

If one transistor is switched ON (it does 
not matter which one) its collector (c) will 
be at a low voltage, and hence it will tend 
to turn the other transistor OFF by sending 
its base (b) terminal low. It is, therefore, 


reasonable to assume that one transistor is 
off and the other is on, and that the circuit 
oscillates by periodically switching 
between these two states. Thus we can start 
by assuming that TR1 has just switched off 
and TR2 has just switched on. } 

When transistor TR2 was OFF, its col- 
lector would have been almost at the sup- 
ply voltage +Vcc, whereas TR1 which was 
switched on, would only have had a base 
voltage of, say, 0-6V. Thus, the voltage 
across capacitor C2 just before TR2 turned 
on would have been nearly equal to the 
supply voltage +Vcc (ignoring the 0-6V 
base-emitter voltage for simplicity). 

At the instant that TR2 turns on, C2 still 
holds its charge and has a voltage of +Vcc 
across its plates. Note that the transistors 
switch much faster than the capacitors can 
either charge or discharge, so that the volt- 
age across C2 just before and just after the 
transistors have switched, is the same. 

Transistor TR2 is fully on and its collec- 
tor voltage is very low, in fact for simplic- 
ity we can assume TR2’s collector is at OV. 
Remember that C2 still has Vcec across it, 


but now the more positive plate is fixed at 


OV, so the other plate must be at a voltage 
of (Vcc less than this), which is — Vcc. 


Fundamental 

This is a pretty fundamental point. The 
negative voltage may seem strange in a Cir- 
cuit which only has a single rail power 
supply (+Vcc) but occurs because capaci- 
tors are able to store charge, and hence 
have a certain voltage “‘across”’ them while 
we switch the fixed voltage at one plate. 





Fig.3. Circuit diagram for the multi- 
vibrator part of the Lighting-Up 
Reminder. 


The voltage “across” it remains the 
same, so a new fixed voltage for one plate 
must mean a new voltage relative to OV for 
the other plate. Such voltage shifting is put 
to good use in some circuits, for example 
to generate different voltages from those 
available directly from the power supply, 
however, in this case the negative voltage 
is just a consequence of the circuit’s 
switching action. 

Returning to our analysis of Fig.2. We 
recall that as transistor TR2 has just turned 
on the base of TR1 which is at — Vcc due 
to the voltage across C2 and note that this 
is also consistent with our assumption that 
TR1 has just switched off. 

The situation does not stay like this for- 
ever because capacitor C2 now starts 
charging from —Vcc towards +Vc¢c 
through resistor R3 (remember the TR2 
collector side of C2 is fixed at OV at this 
point). However, C2 never manages to 
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charge all the way to + Vcc because as soon 
as it reaches about +0-6V TR1 will tum on 
causing the circuit to switch again. The 
process just described is repeated, but this 
time with Cl charging to turn TR2 back 
on. 

The speed at which the circuit oscillates 
can be determined using the standard 
exponential charging equation for a capac- 
itor. We can estimate the time TR1 is off by 
using a time constant of C2R3, charging 
from a voltage of 2Vcc, until it reaches 
Vcc; giving a time of 0-7 C2R3. The total 
period of the oscillation is 0-7 C2R3+0-7 
C1R2. 

This is only approximate, as we have 
ignored the 0-6V base voltage. This formu- 
la is only valid if the transistor’s base-emit- 
ter junctions are not driven into reverse 
breakdown by the negative base voltage, 
which will happen if you use a sufficiently 
large Vcc. 


All Together 

The first point to make about the 
“Lighting-Up” multivibrator of Fig.1 1s 
both transistors are either on or off togeth- 
er. Note that the circuit uses complemen- 
tary transistors (one npn and one pnp), 
unlike the classic circuit in Fig. 2 which 
has two transistors of the same type. It also 
employs a single capacitor for timing, 
rather than two. 

For the purposes of understanding the 
multivibrator action we can simply remove 
preset pot VR1 and transistor TR3 as these 
serve only to hold both multivibrator tran- 
sistors off when the light level is high. We 
can also remove the l.e.d. (D1) and the 
supply decoupling capacitor C2, as these 
are not essential to description of the oscil- 
lation process. This leads to the simpler 
version of Fig.3 which can be analysed as 
follows. 

Start by assuming both transistors are 
fully ON, so TR1’s collector is pulled up to 
+Vcc and TR1 base is just 0-6V below the 
supply rail (TR1 being a pnp type, remem- 
ber). This is not a stable situation because 
capacitor C1 will continue to charge — base 
current flowing out of C1’s negative plate 
while an equal current flows to the positive 
plate via TR1’s collector. 

While the transistors are switched on, the 
collector of TR1 will stay fairly constant at 
its Vcgsat (collector-emitter saturation volt- 
age, about 0-2V) below Vcc, so as Cl 
charges, the base-emitter voltage Vpr of 
TR2 will drop. At some point this will 
cause TR2 to start to turn off, which in turn 
will turn off TR1. | 

As TR1 turns off, its collector voltage 
will drop towards OV, the voltage across Cl 
will not be able to change quickly enough 
to keep up with this, and so the voltage at 
the base of TR2 will be pushed lower by 
Cl. This regenerative action will turn TR2 
off even more and hence TR1 off more still, 
a positive feedback effect resulting in a very 
rapid switch-off of both transistors. 

This happened so quickly that the volt- 
age across Cl will still be about (Vcc — 
VBE — VceEsat) Volts, but now TR1’s collec- 
tor is at OV so TR2’s base will be at 
approximately — (Vcc — 0-8) volts. At this 
point C1 will start to charge towards +Vcc 
via resistor R1, but as soon as it reaches 
about +0-6V TR2 will turn on causing TR1 
to turn on as well and pulling TR2’s base 
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even higher via C1 (again this 
is positive feedback effect giv- 
ing fast switching between 
states). 

Capacitor Cl will rapidly 
charge towards +0-6V on its 
negative plate and (Vcc - 
Vcksat) ON its positive plate due 
to the high base current in TR2 
and collector current of TR1. 
This brings us back to the point 
where we started and thus the 
circuit oscillates. 





supply, arbitary timebase). 


Simulation 

When any doubt exists over the opera- 
tion of a circuit, it is common to analyse it 
by using a computer-based simulator 
package. The circuit is “built’’ on-screen 
and can then be tested and sampled. We 
did this with the oscillator and simulated 
circuit waveforms are shown in Fig. 4. 
The upper waveform is a simulation of 
TR2’s base; TR1’s collector is below. An 
arbitrary timebase and 9V supply are 
assumed. 

As long as Cl and R1 are reasonably 
large the time during which TR1 and TR2 
are on will be very short compared to the 
time which they are off. The current taken 
from the power supply will be small dur- 
ing the off period (if R1 is large) but may 
be very high during the on period (if R2 is 
small). This is one reason why the circuit 
is suitable for the lighting-up reminder — it 
provides short high current pulses to the 
l.e.d. but does not have a large continuous 
current drain. 

The value of R2 must be large enough to 
prevent excessive current flowing in TR2’s 
collector. The value of R1 must be large, 
not only to give the long time period 
described, but also to ensure oscillation 
occurs. If R1 is too small it will provide 
enough current to turn TR2 fully on all the 
time, preventing oscillation. If you want a 
longer “‘on”’ period then a resistor can be 
placed in series with C1, however, if this 
value is too large the circuit may fail to 
oscillate. 

The multivibrator 
used in the Lighting- 
Up circuit (and the 
Metronome) is just 
one of a number of 
similar circuits which 
employ two comple- 
mentary transistors to 
a make a multivibra- 
tor. In general these 
circuits are used to 
provide short pulse 
waveforms (which 
can provide flashes or 
clicks), they also pro- 
vide sawtooths if the 
capacitor voltage is 
used. 

A couple of other 


Transistors in a PICkle 


From a reader of our Internet-only edi- 
tion of the magazine EPE On-Line 
(www.epemag.com) came the following 


query: 


I want to build your Mind PICkler but 
could not find the transistors over here in 
the USA. Do you have different product 
numbers in the UK? If you do, this will 
make your projects harder for us to build — 
I have been very happy with your maga- 
zine until I tried to build the Mind PICkler 
project. (Via AOL.) 


Yes, in Europe we do have our own 
semiconductor ranges that may seem pret- 
ty alien compared to the devices you’re 
accustomed to in the USA. Europe does 
have a very active semiconductor industry 
of its own you know! 

Most of our project contributors use 
European devices plus a small number of 
2N types. A range of 2N transistors is 
available from larger UK vendors but BC 
device types are as common over here as 
your 2N types are in the States. We also 
have a number of readers in Japan, though 
I must confess that we have never, as far 
as I can recall, used Japanese “2S” 
transistors. 

My main reference —-— Towers’ 
International Transistor Selector (ISBN 0- 
572-02121-6) — describes the European 





examples are shown Fig.5. More complementary transistor multivibrator circuits. 
in Fig. 5, which you Can you:figure out how they work? 


might like to experi- 

ment with. Unlike the earlier circuits, 
both these circuits have the transistors in 
series. 

You can find yet more multivibrator cir- 
cuits of various types on 4QD’s web pages 
of “interesting circuits” at: 
www.4qd.co.uk/ccts/mvibs.html. JMB. 
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“Pro Electron” type numbering system for 
transistors as follows. 

First letter — material used: A — 
Germanium; B — Silicon; C — Gallium 
Arsenide; R — Special compound (exam- 
ple, Cadmium Sulphide as used in light- 
dependent resistors). 


Second letter — function: C — 
low power audio; D — power 
transistor audio; F — HF low 
power; L — HF power; S — low 
power switching; U -— power 
switching. 

A suffix letter may be used (as 
in the BC184L and BC214L used 
in the Mind PICkler) but this has 
no standardised meaning. 

American devices use the 
“JEDEC” (Joint Electronic 


Fig.4. Screen waveform for a Lighting-Up style astable (9V Device Engineering Councils) 


code of 2N prefixes for all tran- 

sistors, thyristors and triacs and 
it is from this family that you are seeking an 
equivalent. I’m afraid it’s part of the “deal” 
of hobby electronics that one may need to be 
resourceful at times and perhaps find alter- 
natives to devices used in a prototype. 

This applies not only to semiconductors 
but perhaps some hardware items (e.g. 
relays or transformers) as well. The 
designer will always make it clear if 
device types are critical, and the Shoptalk 
column must also be consulted as regards 
component-buying matters. 

Concerning the Mind PICkler, according 
to Towers’ equivalents are as follows: 
BC184L — 2N5210; BC214L — 2N5087. 
There seems to be nothing special about 
these small-signal transistors. Other types 
should work equally well. The collector- 
emitter voltage is 5OV maximum rating, 
collector current rating 200mA and gain 
hr 250. 

However, it is obviously important to 
observe the pinouts, and it will be seen from 
the p.c.b. layout that we made the transistor 
connections crystal-clear. The collector is 
the centre pin in the p.c.b. design, and alter- 
native devices will probably need to be ori- 
entated to make their wires fit. Both the 
2N5210 and 2N5087 are e-b-c (standard 
TO92 plastic packages) not e-c-b per the 
board which means twisting the transistor 
body so that its leads fit correctly. 

It is true that occasionally there are minor 
problems for overseas readers when “spe- 
cial” transistors are called for. If this causes 
a problem we will try to suggest an equiva- 
lent upon request but they may not have 
been tried and tested in the design. ARW 


CIRCUIT THERAPY 


Circuit Surgery is your column. If you 
have any queries or comments, please 
write to: Alan Winstanley, Circuit Surgery, 
Wimborne Publishing Ltd., Allen House, 
East Borough, Wimborne, Dorset, BH21 
1PF, United Kingdom. E-mail 
alan@epemag.demon.co.uk. Please indi- 
cate if your query is not for 
publication. A personal reply 
cannot always be guaranteed 
but we will try to publis 
resentative Ogg 
answers in 
this column. 


ENTER THE CHAT ZONE 


The EPE Chat Zone on our web site is 
now open as a way for readers to exchange 
information, views, hints and tips in virtually 
real time. 

http://www.epemag.wimborne.co.uk/ 
wwwboard 
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£9 BARGAIN PACKS 


VIBRATING REED FREQUENCY METER, 55-65Hz. 
Order Ref: 9P8. 

BUMP ’N GO SPACESHIP KIT. Order Ref: 9P9. 

10 TDK AUDIO TAPES. Order Ref: 9P12. 

2-TONE HORN KIT. Order Ref: 9P15. 

TV REMOTE CONTROL, made by Philips, this will con- 
trol almost every TV receiver or video. Order Ref: 9P20. 


£10 BARGAIN PACKS 


100A TIME SWITCH, ex-electricity board, reconditioned. 
Order Ref: 10P14. 

MAXIMUM DEMAND INDICATOR, 230V AC. Order Ref: 
10P15. 

TANGENTIAL BLOWER FAN, 28in. long fan with motor 
in middle. Order Ref: 10P16. 

POWER STATION TYPE VOLTMETER in 6in. diameter 
metal case. Order Ref: 10P25. 

ALUMINIUM CASE, 19%x12'%x8, very good condition. 
Order Ref: 10P40. 

POWERFUL WATER PUMP, operated by heavy duty 
mains motor. Order Ref: 10P76. 

DOUBLE BLOWER, mains operated, suit greenhouse or 
workshop. Order Ref: 10P84. 

FLUORESCENT CONVERTER by Philips for 3xQin. 
tubes. Order Ref: 10P89. 

COMPUTER DRIVER, MS-DOS 4.01. Order Ref: 10P99. 
MOTORISED DISPLAY, 12x10A micro mains switches, 
driven by mains motor. Order Ref: 10P101. 

CRT ref. SE5J31, 6in. Order Ref: 10P104. 

HOT WIRE PANEL METER, Gin. Order Ref: 10P106. 
DATA RECORDER, Sharp ref. IT400. Order Ref: 
10P110. 

AMSTRAD MODEM SM2400, may need attention. Order 
Ref: 10P111. 

SOLENOID WATER VALVE, Danfoss, 12V DC or 24V 
AC. Order Ref: 10P118. 

POWER RELAY, 4x10A changeover contacts. Order 
Ref: 10P136. 

10A AMMETER for RF. Order Ref: 10P144. 

BENCH SOLDERING IRON on base, little storage soiled. 
Order Ref: 10P145. _ 

PRECISION VOLTAGE PANEL METER for exact read- 
ing between 100 and 125V AC. Order Ref: 10P146. 
SHARP DISK DRIVE MZ1F11. Order Ref: 10PL147. 
FULLY ENCLOSED CROMPTON PARKINSON MAINS 
MOTOR, 1/6 h.p. 875 r.p.m. Order Ref: 10P149. 

12 COPPER CLAD BOARDS, various sizes from 6x3 to 
12x12. Order Ref: 10P150. 

ALARM FOR HOUSE OR CAR, ultrasonic, neatly cased, 
ready-to-use when battery fitted. Order Ref: 10P155. 


EVEN BIGGER BARGAINS 


9in. MONITOR by Philips, new, made to work with OPD 
computer, £15. Order Ref: 15P1. 

METAL CASE for Qin. monitor, supplied as a flat pack, 
£12. Order Ref: 12P3. 

Qin. TUBE by Philips, as used in our monitor, £12. Order 
Ref: 12P7. 

BIG AMPLIFIER BOX, 256x178x120mm, £12. Order 
Ref: 12P30. 

AMSTRAD 3in. DISK DRIVES, 2 with differing faults, 
should be possible to make one good one, £15. Order 
Ref: 15P46. 

ULTRASONIC ALARM for house or car, complete with 
external horn speaker and 12V power supply, £18. Order 
Ref: 18P3. 

100 ASSORTED COMPUTER GAMES, no more than 5 
of any one type, ideal for remaking, £20. Order Ref: 
20P12. 

MULLARD 14in. COLOUR TUBE, ref. AQ37590X, £15. 
Order Ref: 15P76. 

MAINS STEP DOWN TO 115V TRANSFORMER, this is 
1000W as auto but has a separate winding to give 500W 
115V isolated, £25. Order Ref: 25P18. 

3in. DISK DRIVE, £29. Order Ref: 29P6. 

SUPER 8 CINE PROJECTOR without sound. Order Ref: 
39P1. 

SUPER 8 CINE PROJECTOR with sound, £49. Order 
Ref: 49P1. 

PSU CASE, size 255x115x210mm, black case with 
labelled silver front and fitted carrying handles. Smart kit 
reference 5096 or 5007, £12. Order Ref: 12P20. 

8ft. FLUORESCENT TUBES, brand new, in maker's 
wrappings, box of 12, £12, but you must collect. Order 
Ref: 12P11. 

DIGITAL PANEL METER, comes complete with details 
of how to use it to display amps or volts, £11.50. Order 
Ref: 11.5P2. 

250m TWIN 5A EXTENSION LEAD, this is ideal for most 
gardening tools, rubber but treated so that it can’t perish 
through sunlight, etc., £20. Order Ref: 20P35. 
EMERGENCY LIGHTING UNIT with perspex cover, con- 
tains rechargeable batteries and an inverter unit to power 
the internal fluorescent tube, regular price over £30, our 
price £15. Order Ref: 15P32. 

SOIL HEATER, 100W transformer and wire, £12. Order 
Ref: 12P33. 

SPEED CONTROLLER for 12V DC motors up to 1/6 
h.p., kit of parts £12, Order Ref: 12P34, or made up £20, 
Order Ref: 20P39. 

SOLAR PANEL, 15V so will trickle charge car battery, 
£15. Order Ref: 15P72. 

CAMCORDER BATTERY CHARGER, suits most cam- 
corders, £15. Order Ref: 15P73. 





SPECIAL 12V RECHARGEABLE BATTERY. This 
is the Jap made Yuasa. It is sealed so can be used 


in any position. £3.50 each or 5 for £15. Order Ref: 


3.5P11. The batteries have a capacity of 2:3AH 
which may be a bit low for some jobs but remem- 
ber you can join them in parallel to give a high 
amperage. 

FOR QUICK HOOK-UPS. 
You can’t beat leads with a 
croc clip each end. You can 
have a set of 10 leads, 2 
each of 5 assorted colours 
with insulated crocodile clips 
on each end. Lead length 
36cm, £2 per set. Order 
Ref: 2P459. 

BIG 12V TRANSFORMER. It is 55VA so over 4A. 
Beautifully made and well insulated. Live parts are in 
a plastic frame so cannot be accidentally touched, 
£3.50. Order Ref: 3.5P20. 

TWIN 13A SWITCHED SOCKET. Good British 
make, white, quite standard size so suitable for flush 
mounting or in a surface box. £1.50. Order Ref: 
1.5P61. 

1mA PANEL METER. Approximately 80mm x 50mm, 
front engraved 0-100, price £1.50. Order Ref: 1/16R2. 





BUY ONE GET ONE FREE 


ULTRASONIC MOVEMENT DETECTOR. Nicely 
cased, free standing, has internal alarm which can 
be silenced. Also has connections for external 
speaker or light. Price £10. Order Ref: 10P154. 

CASED POWER SUPPLIES which, with a few 


small extra components and a bit of modifying, 
would give 12V at 10A. Originally £9.50 each, now 
2 for £9.50. Order Ref: 9.5P4. 
3 OCTAVE KEYBOARD with piano size keys, 
brand new, previous price £9.50, now 2 for the 
price of one. Order Ref: 9.5P5. 





VERY POWERFUL BATTERY MOTOR. Intended to 
operate portable screwdriver. It is 2’in. long and 1%in. 
diameter. Has a good length spindle. Will operate with 
considerable power off any voltage between 6V and 
12V d.c. Price £2. Order Ref: 2P456. 

D.C. MOTOR WITH GEARBOX. Size 60mm long, 
30mm diameter. Very powerful, operates off any d.c. 
voltage between 6V and 24V. Speed at 6V is 200 
rpm but higher with higher voltages of course. Price 
£3. Order Ref: 3P108. 

MOTOR SPEED CONTROLLER. For d.c. motors up 
to 24V and any power up to 1/6 h.p. They reduce by 
intermittent full voltage pulses so there should be no 
loss of power. In kit form £12. Order Ref: 12P34. Or 
made up and tested, £20. Order Ref: 20P39. 

VERY THIN DRILLS. 12 assorted sizes vary be- 
tween 0-6mm and 1-6mm, price £1. Order Ref: 128. 
EVEN THINNER DRILLS. 12 that vary between 0-1 
and 0-5mm, price £1. Order Ref: 129. 

BT TELEPHONE EXTENSION WIRE. This is proper 
heavy-duty cable for running around the skirting 
board when you want to make a permanent exten- 
son. 4 cores properly colour coded, 25m length, only 
£1. Order Ref: 1067. 

A MUCH LARGER PROJECT BOX. Size 
216mm x 130mm x 85mm with lid and 4 screws. This 
is an ABS box which normally retails at around £6. All 
brand new, price £2.50. Order Ref: 2.5P28. 

LARGE TYPE MICROSWITCH with 2in. lever, 
changeover contacts rated at 15A at 250V, 2 for £1. 
Order Ref: 1/21R7. 

BALANCE ASSEMBLY KITS. Japanese made, 
when assembled ideal for chemical experiments, 
complete with tweezers and 6 weights 0:5 to 5 
grams. Price £2. Order Ref: 2P444. 

CYCLE LAMP BARGAIN. You can have 100 6V 
0-5A MES bulbs for just £2.50 or 1,000 for £20. They 
are beautifully made, slightly larger than the standard 
6-3V pilot bulb so they would be ideal for making 
displays for night lights and similar applications. 
DOORBELL PSU. This has a.c. voltage output so is 
ideal for operating most doorbells. The unit is totally 
enclosed so perfectly safe and it plugs into a 13A 
socket. Price only £1. Order Ref: 1/30R1. 

FLASHING BEACON. Ideal for putting on a van, a 
tractor or any vehicle that should always be seen. 
Uses a Xenon tube and has an amber colour dome. 
Separate fixing base is included so unit can be put 
away if desired. Price £5. Order Ref: 5P267. 

MOST USEFUL POWER SUPPLY. Rated at 9V 1A, 
this plugs into a 13A socket. Is really nicely boxed, 
£2. Order Ref: 2P733. 
1-5-6V MOTOR WITH 
GEARBOX. Motor is 
mounted on the gearbox 
which has_interchange- 
able gears giving a 
range of speeds and 
motor torques. Comes 
with full instructions for 
changing gears and 
calculating speeds, £7. 
Order Ref: 7P26. 
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EVEN BIGGER BARGAINS 


200W WOOFER by Challenger, 8in., 4 ohm, £18. Order 
Ref: 18P9. 

250W WOOFER by Challenger, this is 10in., £29. Order 
Ref: 29P7. 

365-DAY TIME SWITCH, has two 16A channels, £35. 
Order Ref: 35P7. 

12V LEAD ACID BATTERY by Yuasa, unspillable, 
2:3AH, can be paralleled for higher amperage, batch of 5 
for £15. Order Ref: 15P77. 

FIELD TELEPHONE, ex-GPO, just needs a pair or wires 
to join together, £16 each. Order Ref: 16P8. 

1,000 CYCLE LAMP BULBS, 6V 0-5A, £20. Order Ref: 
20P38. 

35mm PANORAMIC CAMERA, has super wide lens, 
ideal for holiday viewing, is focus free and has an extra 
bright and clear viewfinder, brand new and guaranteed, 
individually boxed, £6.50. Order Ref: 6.5P2. 

LIGHT ALARM, could be used to warn when a cupboard 
door is opened, light shining on the unit makes the bell 
ring, completely built and neatly cased, requires only a 
battery, £3. Order Ref: 3P155. 

WATER LEVEL ALAR\M, be it bath, sink, cellar, sump or 
any other thing that could flood, this device will tell you 
when the water has risen to the preset level, adjustable 
over quite a useful range, neatly cased for wall mounting, 
ready to work when battery fitted, £3. Order Ref: 3P156. 
BIKE RADIO, in fact, it’s more than a radio, it’s an alarm 
and a spotlight, the radio is battery operated, of course, 
and needs 3 AA cells, only one band but this is the FM 
band so will receive Radio 1 and 2, comes complete with 
handlebar fixing clips, price £4. Order Ref: 4P72. 

ULTRA VIOLET VIEWING UNIT, this is a very neat 
metal enclosure about the size of a 6in. cube, the lamp 
and control gear are in the top compartment and an open 
space with a platform below allows you to inspect paper 
or other objects under the UV light, intended for 230V 
mains operation, price £12. Order Ref: 12P35. 
4-SOCKET MAINS ADAPTOR, we would say that this is 
ideal for the handyman, but no doubt many of you will 
Say it’s also for the handywoman! Will take up to a load 
of 13A and 4 units can be used at one time, has a neon 
indicator to show the power is on, price £4. Order Ref: 
4P102. 

MODERN TELEPHONE HANDSET, ideal home or office 
extension, £2. Order Ref: 2P94. 

CASED POWER SUPPLY FOR MODELS, mains 
operated, gixes variable voltage from 6V to 12V and 
reversible, ideal model trains, etc., £12. Order Ref: 2P3. 
INSULATION TESTED WITH MULTIMETER, internally 
generates voltages which enable you to read insulation 
directly in megohms, the multimeter has four ranges, 
AC/DC volts, 3 ranges DC milliamps, 3 ranges resistance 
and 5 amp range, these instruments are ex-British Tele- 
com but in very good condition, tested and guaranteed 
OK, probably cost at least £50 each, yours for only £7.50 
with leads, carrying case £2 extra. Order Ref: 7.5P4. 
REPAIRABLE METERS, we have some of the above 
testers but slightly faulty, not working on all ranges, 
should be repairable, we supply diagram, £3. Order Ref: 
3P176. 

PIANO ON A KEY CHAIN, although it is quite small, only 
20mm long, it will play any tune, instructions with it tell 
you which keys to press for “Happy Birthday”, “Twinkle 
Twinkle Little Star’, “Jingle Bells” and “London Bridge”. 
It is also a bright light, it has a little lamp which can be 
operated by the end switch, battery operated (not in- 
cluded) price £1.50. Order Ref: 1.5P39. 

SOLAR EDUCATIONAL KIT, a kit comprising 400mA 
solar module, sun power DC motor, connecting lead, fan 
impeller and selection of turntable discs. Supplied com- 
plete with booklet explaining the principles and applica- 
tions of solar energy. This kit is an ideal educational 
introduction to solar power, price £5. Order Ref: 5P160. 
EQUIPMENT COOLING BLOWER, near enough Sin. 
square and 1%%in. thick, but a really good mover, mains 
operated, price £4. Order Ref: 715L. 

SOLDERING IRON, super mains powered with long-life 
ceramic element, heavy duty 40W for the extra special 
job, complete with plated wire stand and 245mm lead, 
£3. Order Ref: 3P221. 

SOLAR POWERED NICAD CHARGER, 4 Nicad bat- 
teries AA (HP7) in about 10 hours or 2 in only 4 hours, 1 
in about 2 hours. It is a complete boxed unit which you 
can easily carry about, price £6. Order Ref: 6P3. 

MINI BLOW HEATER, 1kW, ideal for under desk or 
airing cupboard, etc., needs only a simple mounting 
frame, price £5. Order Ref: 5P23. 


TERMS 


Send cash, PO, cheque or quote credit card number 
— orders under £25 add £3.50 service charge. 


J & N FACTORS 


Pilgrim Works (Dept. E.E.) 


Stairbridge Lane, Bolney, 
Sussex RH17 5PA 


Telephone: 01444 881965 
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HOW ELECTRONIC THINGS WORK ... and 
what to do when they don’t 


Robert Goodman 


At some time or another, almost every 
household electronic product, be it your VCR, 
your PC, or your cellular phone, will ex- 
perience some type of glitch. Many of the 
so-called extensive repairs made by high- 
priced repair shops actually involve adjusting 
a few components or replacing a few cheap 
parts. Other times the problem is beyond the 
average do-it-yourselfer, and an expert is 
required. The trick is knowing how and when 
to perform the repair yourself, and when to 
call in the pros. This book will provide 
the do-it-yourselfer with a heavily illustrated 
guide to performing basic troubleshooting 
and repair on the most common electronic 
equipment, safely and cost-effectively. This is 
an American publication. 


% Provides a basic introduction to trouble- 
shooting and safety requirements. 

% Provides a brief overview, easy-to-use 
schematics and photographs for each of 
the most common household devices. 

% Written for a novice do-it-yourselfer and 
assumes no prior troubleshooting and 
repair experience. 

% Contains the most common problems and 
solutions for each device discussed. 


260 pages £16.99 
































PRACTICAL REMOTE CONTROL PROJECTS 
Owen Bishop 
Provides a wealth of circuits and circuit modules for use in 
remote control systems of all kinds; ultrasonic, infra- 
red, optical fibre, cable and radio. There are instructions 
for building fourteen novel and practical remote control 
projects. But this is not all, as each of these projects 
provides a model for building dozens of other related 
circuits by simply modifying parts of the design slightly to 
suit your own requirements. This book tells you how. 

Also included are techniques for connecting a PC to 
a remote control system, the use of a microcontroller 
in remote control, as exemplified by the BASIC Stamp, 
and the application of ready-made pipe seekers 418MHz 
radio transmitter and receiver modules to remote control 
systems. 
160 pages 


Order code BP413 £5.99 


PRACTICAL ELECTRONIC MODEL RAILWAY 
PROJECTS 
R. A. Penfold 
The aim of this book is to provide the model railway 
enthusiast with a number of useful but reasonably simple 
projects that are easily constructed from readily available 
components. Stripboard layouts and wiring diagrams are 
provided for each project. The projects covered include: 
constant Vor: controller; pulsed controller; pushbutton 
pulsed controller; pulsed controller with simulated inertia, 
momentum and braking; automatic signals; steam whistle 
sound effect; two-tone horn sound effect; automatic two- 
tone horn effect; automatic chuffer. 

The final chapter covers the increasingly popular sub- 
ject of using a computer to control a model railway layout, 
including circuits for computer-based controllers and sig- 


nalling systems. 
Order code BP384 £4.99 


151 pages 
A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES 
Bill Mooney ; 
This book takes you from the simplest possible starting 
point to a high level of competence in handworking with 
surface mount devices (SMD’s). The wider subject of SM 
technology is also introduced, so giving a feeling for its 
depth and fascination. 
Subjects such as p.c.b. design, chip control, soldering 
techniques and specialist tools for SM are fully explained 
and developed as the book progresses. Some useful con- 
structional projects are also included. ut 4 
Whilst the book is mainly intended as an introduction, it 
is also an invaluable reference book, and the browser 
should find it engrossing. 


120 pages £4.99 
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TEACH-IN No. 7. plus FREE SOFTWARE 
ANALOGUE AND DIGITAL ELECTRONICS COURSE 
(published by Everyday Practical Electronics) 

Alan Winstanley and Keith Dye B.Eng(Tech)AMIEE 

This highly acclaimed EPE Teach-in series, which included 
the construction and use of the Mini Lab and Micro Lab 
test and development units, has been put together in 
book form. Additionally, EPT Educational Software have 
developed a GCSE Electronics software program to com- 
pliment the course and a FREE DISK covering the first two 
parts of the course is included with the book. 

An interesting and thorough tutorial series aimed speci- 
fically at the novice or complete beginner in electronics. 
The series is designed to support those undertaking either 
GCSE Electronics or GCE Advanced Levels, and starts 
with fundamental principles. 

If you are taking electronics or technology at school 
or college, this book is for you. If you just want to 
learn the basics of electronics or technology you must 
make sure you see it. Teach-/n No. 7 will be invaluable 
if you are considering a career in electronics or even 
if you are already training in one. The Mini Lab and 
software enable the construction and testing of both 
demonstration and development circuits. These learn- 
ing aids. bring electronics to life in an enjoyable and 
interesting way: you will both see and hear the electron 
in action! The Micro Lab microprocessor add-on system 
will appeal to higher level students and those develop- 
ing microprocessor projects. 


160 pages £3.95 





FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold 
Starting with mechanical faults such as dry joints, 
short-circuits etc, coverage includes linear circuits, using a 
meter to make voltage checks, signal tracing techniques 
and fault finding on logic circuits. The final chapter covers 
ways of testing a wide range of electronic components, 
such as resistors, capacitors, operational amplifiers, 
diodes, transistors, SCRs and triacs, with the aid of only a 
limited amount of test equipment. 

The construction and use of a Tristate Continuity Tester, 
a Signal Tracer, a Logic Probe and a CMOS Tester are also 


included. 

136 pages £4.99 
TEST EQUIPMENT CONSTRUCTION 

R. A. Penfold 


This book describes in detail how to construct some 
simple and inexpensive but extremely useful, pieces of 
test equipment. Stripboard layouts are provided for 
all designs, together with wiring diagrams where ap- 
propriate, plus notes on construction and use. 

The following designs are included:- 
AF Generator, Capacitance Meter, Test Bench Amplifier, 
AF Frequency Meter, Audio Mullivoltmeter, Analogue 
Probe, High Resistance Voltmeter, CMOS Probe, Transis- 
tor Tester, TTL Probe. 

The designs are suitable for both newcomers and more 
experienced hobbyists. 


104 pages Order code BP248 £3.99 


HOW TO DESIGN AND MAKE YOUR OWN PC.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 
board designs from magazines and books, and covers 
all aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 


66 pages Order code BP121 £3.99 


ELECTRONIC PROJECT BUILDING FOR BEGINNERS 
R. A. Penfold 
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 
Component identification, and buying the right parts; 
Resistor colour codes, capacitor value markings, etc; Advice 
on buying the right tools for the job; Soldering, with advice 
on how to produce good joints and avoid “dry” joints; 
Making easy work of the hard wiring; Construction methods, 
including stripboard, custom printed circuit boards, plain 
matrix board, surface mount boards and wire-wrapping; 
Finishing off, and adding panel labels; Getting “problem” 
rojects to work, including simple methods of fault-finding; 
n fact everything you need to know in order to get started in 
this absorbing and creative hobby. 


136 pages £4.95 
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The books listed have been 
selected by Everyday Practi- 
cal Electronics editorial staff 
as being of special interest 
to everyone involved in elec- 
tronics and computing. They 
are supplied by mail order 
to your door. Full ordering 
details are given on the last 
book page. 


FOR A FURTHER SELECTION 
OF BOOKS SEE THE NEXT 
TWO ISSUES OF EPE. 


Note our UK postage costs 
just £1.50 no matter how 
many books you order! 


RADIO / TV 
VIDEO 


ELECTRONIC PROJECTS FOR VIDEO 

ENTHUSIASTS 

R. A. Penfold 

This book provides a number of practical designs for 
video accessories that will help you get the best results 
from your camcorder and VCR. All the projects use 
inexpensive components that are readily available, and 
they are easy to construct. Full construction details are 
provided, including stripboard layouts and wiring dia- 
grams. Where appropriate, simple setting up procedures 
are described in detail; no test equipment is needed. 

The projects ~overed in this book include: Four channel 
audio mixer, Four channel stereo mixer, Dynamic noise 
limiter (DNL), Automatic audio fader, Video faders, Video 
wipers, Video crispener, Mains power supply unit. 


109 pages Order code BP356 £4.95 


SETTING UP AN AMATEUR RADIO STATION 

1. D. Poole 

The aim of this book is to give guidance on the decisions 
which have to be made when setting up any amateur 
radio or short wave listening station. Often the ex- 
perience which is needed is learned by one’s mistakes, 
however, this can be expensive. To help overcome this, 
guidance is given on many aspects of setting up and 
running an efficient station. It then proceeds to the 
steps that need to be taken in gaining a full transmitting 
licence. 

Topics covered include: The equipment that is 
needed; Setting up the shack; Which aerials to use; 
Methods of construction; Preparing for the licence. 

An essential addition to the library of all those taking 
their first steps in amateur radio. 





86 pages £3.95 
EXPERIMENTAL ANTENNA TOPICS 
H. C. Wright 


Although nearly a century has passed since Marconi’s first 
demonstration or radio communication, there is still re- 
search and experiment to be carried out in the field of 
antenna design and behaviour. 

The aim of the experimenter will be to make a 
measurement or confirm a principle, and this can be done 
with relatively fragile, short-life apparatus. Because of this, 
devices described in this book make liberal use of 
cardboard, cooking foil, plastic bottles, cat food tins, etc. 
These materials are, in general, cheap to obtain and easily 
worked with simple tools, encouraging the trial-and-error 
philosophy which leads to innovation and discovery. 

Although primarily a practical book with text closely 
supported by diagrams, some formulae which can be 
used by straightforward substitution and some simple 
graphs have also been included. 


72 pages £3.50 
25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll 


Many people live in flats and apartments or other types of 
accommodation where outdoor aerials are prohibited, or 
a lack of garden space etc. prevents aerials from being 
erected. This does not mean you have to forgo shortwave 
listening, for even a 20-foot length of wire stretched out 
along the skirting board of a room can produce accept- 
able results. However, with some additional effort and ex- 
perimentation one may well be able to improve perfor- 
mance further. 

This concise book tells the story, and shows the reader 
how to construct and use 25 indoor and window aerials that 
the author has proven to be sure performers. 

Much information is also given on shortwave bands, aerial 
directivity, time zones, dimensions etc. 


50 pages £1.75 
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TWO EXCITING BOOKS 


Specially imported by EPE 


Bebop To The 
Boolean Boogie 


By Clive (call me Max) Maxfield 


ORDER CODE BEB1 £24.95 


An Unconventional Guide to Electronics 
Fundamentals, Components and Processes 


The Foreword by Pete Waddell, Editor, Printed Circuit Design, reads: 


“Personally, | think that the title of this tome alone (nmmm, a movie?) 
should provide some input as to what you can expect. But, for those 
who require a bit more: be forewarned, dear reader, you will probably 
learn far more than you could hope to expect from Bebop 
to the Boolean Boogie, just because of the unique approach 
Max has to technical material. The author will guide you from 
the basics through a minefield 
of potentially boring theoretical 
mish-mash, to a Nirvana of 
understanding. You will not suf- 
fer that fate familiar to every 
reader: re-reading paragraphs 
over and over wondering what 
in the world the author was 
trying to say. For a limey, Max 
shoots amazingly well and from 
the hip, but in a way that 
will keep you interested and 
amused. If you are not vigilant, 
you may not only learn some- 
thing, but you may even enjoy 
the process. The only further 
advice | can give is to ‘expect 
the unexpected’.” 

This book gives the “big pic- 
ture” of digital electronics. This 
indepth, highly readable, up-to-the-minute guide shows you how 
electronic devices work and how they’re made. You'll discover how 
transistors operate, how printed circuit boards are fabricated, and 
what the innards of memory ICs look like. You'll also gain a working 
knowledge of Boolean Algebra and Karnaugh Maps, and understand 
what Reed-Muller logic is and how it’s used. And there’s much, 
MUCH more (including a recipe for a truly great seafood gumbo)). 

Hundreds of carefully drawn illustrations clearly show the impor- 
tant points of each topic. The author’s tongue-in-cheek British humor 
makes it a delight to read, but this is a REAL technical book, ex- 
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tremely detailed and accurate. A great reference for your own shelf, 


and also an ideal gift for a friend or family member who wants to 
understand what it is you do all day... . 





Bebop Bytes Back 


By Clive “Max” Maxfield and 
Alvin Brown 


ORDER CODE BEB2 £29.95 
An Unconventional Guide To Computers 


Plus FREE CD-ROM which includes: Fully Functional 
Internet-Ready Virtual Computer with Interactive Labs 


The Foreword by Lee Felsenstein reads: 


“1. The more time you spend with this book and its accompany- 
ing CD-ROM, the more you'll get out of it. Skimming through it 
won't take you where you want to go. Paying serious attention, on 
the other hand, will teach you more about computers than you can 
imagine. (You might also see a few beautiful sunrises.) 

2. The labs work on two levels: on and under the surface. When 
you’re ee ve labs _ 
you'll need to look for pat- 3a) “ m 
terns that build up from in- Bebop BYTES Rack 
dividual events. 

3. When 
you won't look any different. 
You won't get a trophy or a 
certificate to hang on your 
wall. You'll have some 
knowledge, and some skill, 
and you'll be ready to 
find more knowledge and 
develop more skill. Much of 
this will be recognisable 
only to someone who has 
the same knowledge and "ty 
skill.” Fully Functional Internet-t 

This follow-on to Bebop [eikearesratelidl 
to the Boolean Boogie is a 
multimedia extravaganza 
of information about how 
computers work. It picks 
up where “Bebop |” left off, guiding you through the 
fascinating world of computer design .. . and you'll have a few 
chuckles, if not belly laughs, along the way. In addition to over 
200 megabytes of mega-cool multimedia, the accompanying 
CD-ROM (for Windows 95 machines only) contains a virtual 
microcomputer, simulating the motherboard and _ standard 
computer peripherals in an extremely realistic manner. In 
addition to a wealth of technical information, myriad nuggets of 
trivia, and hundreds of carefully drawn illustrations, the book 
contains a set of lab experiments for the virtual microcomputer 
that let you recreate the experiences of early computer 
pioneers. 

If you're the slightest bit interested in the inner workings of 
computers, then don’t dare to miss this one! 


you're done, @Umei@edauie elects ange 
Computers 





By importing these books ourselves we have manegec to 
make them available in the UK at an exceptional price. 





Audio and Music 


VALVE & TRANSISTOR AUDIO 

AMPLIFIERS 

John Linsley Hood 

This is John Linsley Hood's greatest work yet, describing 

the milestones that have marked the development of 

audio amplifiers since the earliest days to the latest 

systems. Including classic amps with valves at their heart 

and exciting new designs using the latest components, 

ioe? book is the complete world guide to audio amp 
esign. 

Conienite: Active components; Valves or vacuum tubes; 
Solid-state devices; Passive components; Inductors and 
transformers; Capacitors, Resistors, Switches and electri- 
cal contacts; Voltage amplifier stages using valves; 
Valve audio amplifier layouts; Negative feedback; Valve 
operated power amplifiers; Solid state voltage amplifiers; 
Early solid-state audio amplifiers; Contemporary pore 
ee designs; Preamplifiers; Power supplies (PSUs); 
ndex. 


250 pages £19.99 
AUDIO AMPLIFIER PROJECTS 
R.A. Penfold — 


A wide range of useful audio amplifier projects, each project 
features a circuit diagram, an explanation of the circuit 
operation and a stripboard layout diagram. All construc- 
tional details are provided along with a shopping list of 
components, and none of the designs requires the use 
of any test equipment in order to set up properly. All 
the projects are designed for straightforward assembly on 
simple circuit boards. 


Circuits include: High impedance mic preamp, Low 
impedance mic preamp, Crystal mic preamp, Guitar and GP 
preamplifier, Scratch and rumble filter, RIAA preamplifier, 
Tape preamplifier, Audio limiter, Bass and treble tone 
controls, Loudness filter, Loudness control, Simple graphic 
equaliser, Basic audio mixer, Small (300mW) audio power 
amp, 6 watt audio power amp, 20/32 watt power amp and 
power supply, Dynamic noise limiter. 

A must for audio enthusiasts with more sense than 


money! 
116 pages £9.95 
MAKING MUSIC WITH DIGITAL AUDIO 


lan Waugh 

In this practical and clearly-written book, lan Waugh explains 
all aspects of the subject from digital audio basics to putting 
together a system to suit your own music requirements. 
Using the minimum of technical language, the book explains 
exactly what you need to know about: Sound and digital 
audio, Basic digital recording principles, Sample rates and 
resolutions, Consumer sound cards and dedicated digital 
audio cards. 

On a practical level you will learn about: sample edit- 
ing, oa multi-tracking, digital FX processing, integrat- 
ing MIDI and digital audio, using sample CDs, mastering 
to DAT and direct to CD, digital audio and Multimedia. 

This book is for every musician who wants to be a part 
of the most important development in music since the 
invention of the Ly br ebdbi It’s affordable, it's flexible, 
it’s powerful and it’s here now! It’s digital and it’s the 
future of music making. 


266 pages £14.95 
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CIRCUITS AND DESIGN 





AN INTRODUCTION TO PIC MICROCONTROLLERS 
Robert Penfold 

Designing your own PIC based projects may seem a 
daunting task, but it is really not too difficult providing you 
have some previous experience of electronics. The PIC 
processors have plenty of useful features, but they are still 
reasonably simple and straightforward to use. This book 
should contain everything you need to know. 

Topics covered include: the PIC register set; numbering 
systems; bitwise operations and rotation; the PIC instruction 
set; using interrupts; using the analogue to digital converter; 
clock circuits; using the real time clock counter (RTCC); 
using subroutines; driving seven segment displays. 


166 pages £5.99 
PRACTICAL OSCILLATOR CIRCUITS 
A. Flind 


Extensive coverage is given to circuits using capacitors and 
resistors to control frequency. Designs using CMOS, timer 
i.c.s and op.amps are all described in detail, with a special 
chapter on “waveform generator” i.c.s. Reliable “white” and 
“pink” noise generator circuits are also included. 

Various circuits using inductors and capacitors are 
covered, with emphasis on stable low frequency gener- 
ation. Some of these are amazingly simple, but are still 
very useful signal sources. 

Crystal oscillators have their own chapter. Many of the 
circuits shown are readily available special i.c.s for 
simplicity and reliability, and offer several output fre- 
quencies. Finally, complete constructional details are 
given for an audio sinewave generator. 


133 pages £4.99 


PRACTICAL ELECTRONIC CONTROL PROJECTS 

Owen Bishop 

Explains electronic control theory in simple, non- 
mathematical terms and is illustrated by 30 practical 
designs suitable for the student or hobbyist to build. 
Shows how to use sensors as input to the control system, 
and how to provide output to lamps, heaters, solenoids, 
relays and motors. 

Computer based control is explained by practical 
examples that can be run on a PC. For stand-alone 
systems, the projects use microcontrollers, such 
as the inexpensive and easy-to-use Stamp BASIC 
microcontroller. These projects are chosen to introduce 
and demonstrate as many aspects as possible of the 
programming language and techniques. 


198 pages Order code BP377 £5.99 


PRACTICAL ELECTRONICS HANDBOOK - 

Fourth Edition. lan Sinclair 

Contains all of the everyday information that anyone 
working in electronics will need. 

It provides a practical and comprehensive collection 
of circuits, rules of thumb and design data for profes- 
sional engineers, students and enthusaists, and there- 
fore enough background to allow the understanding and 
development of a range of basic circuits. 





Contents: Passive components, Active discrete 
components, Discrete component circuits, Sensing 
components, Linear |.C.s, Digital |.C.s, Microprocessors 
and microprocessor systems, Transferring digital data, 
Digital-analogue conversions, Computer aids in 
electronics, Hardware components and practical work, 
des metric wire table, Bibliography, The HEX scale, 
ndex. 


440 pages olael-tareets (=m \\| ae £14.99 


COIL DESIGN AND CONSTRUCTIONAL MANUAL 

B. B. Babani 

A complete book for the home constructor on “how to 
make” RF, IF, audio and power coils, chokes and trans- 
formers. Practically every possible type is discussed and 
calculations necessary are given and explained in detail. 
Although this book is now twenty years old, with the 
exception of toroids and pulse transformers little has 
changed in coil design since it was written. 


96 pages £3.99 
OPTOELECTRONICS CIRCUITS MANUAL 
R. M. Marston 


A useful single-volume guide to the optoelectronics 
device user, specifically aimed at the practical design 
engineer, technician, and the experimenter, as well as the 
electronics student and amateur. It deals with the subject 
in an easy-to-read, down-to-earth, and non-mathematical 
yet comprehensive manner, explaining the basic prin- 
ciples and characteristics of the best known devices, and 
presenting the reader with many practical applications 
and over 200 circuits. Most of the i.c.s and other devices 
used are inexpensive and readily available types, with 
universally recognised type numbers. 


182 pages £14.99 


INTRODUCTION TO DIGITAL AUDIO 

(Second Edition) 

lan Sinclair 

Digital recording methods have existed for many years 
and have become familiar to the professional recording 
engineer, but the compact disc (CD) was the first device to 
bring audio methods into the home. The next step is the 
appearance of digital audio tape (DAT) equipment. 

All this development has involved methods and circuits 
that are totally alien to the technician or keen amateur 
who has previously worked with audio circuits. The prin- 
ciples and practices of digital audio owe little or nothing 
to the traditional linear circuits of the past, and are much 
more comprehensible to today’s computer engineer than 
the older generation of audio engineers. 

This book is intended to bridge the gap of understand- 
ing for the technician and enthusiast. The principles and 





BOOK ORDERING DETAILS 


Our postage price is the same no matter how many books you order, just add £1.50 to 
your total order for postage and packing (overseas readers add £3 for countries in the 
EEC, or add £6 for all countries outside the EEC, surface mail postage) and send a PO, 
cheque, international money order (£ sterling only) made payable to Direct Book Service 
or credit card details, Visa or Mastercard — minimum credit card order is £5 — to: 

DIRECT BOOK SERVICE, 33 GRAVEL HILL, MERLEY, WIMBORNE, DORSET BH21 1RW 


(mail order only). 


Books are normally sent within seven days of receipt of your order but please allow 28 
days for delivery (more for overseas orders). Please check price and availability (see latest 
issue of Everyday Practical Electronics) before ordering from old lists. | 

For a further selection of books see the next two issues of EPE. 
DIRECT BOOK SERVICE IS A DIVISION OF WIMBORNE PUBLISHING LTD. Tel 01202 881749 


Fax 01202 841692. Due to the cost we cannot reply to overseas orders or queries by Fax. 
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AUDIO AND MUSIC 


OPERATIONAL AMPLIFIER USER’S HANDBOOK 

R. A. Penfold 

The first part of this book covers standard operational 
amplifer based “building blocks” (integrator, precision 
rectifier, function generator, amplifiers, etc), and con- 
siders the ways in which modern devices can be used 
to give superior performance in each one. The second 
part describes a number of practical circuits that exploit 
modern operational amplifiers, such as high slew-rate, 
ultra low noise, and low input offset devices. The projects 
include: Low noise tape preamplifier, low noise RIAA 
preamplifier, audio power amplifiers, d.c. power con- 
trollers, opto-isolator audio link, audio millivolt meter, 
temperature monitor, low distortion audio signal gener- 
ator, simple video fader, and many more. 


120 pages Order code BP335 £4.95 


A BEGINNERS GUIDE TO CMOS DIGITAL ICs 

R. A. Penfold 

Getting started with logic circuits can be difficult, since 
many of the fundamental concepts of digital design tend 
to seem rather abstract, and remote from obviously useful 
applications. This book covers the basic theory of digital 
electronics and the use of CMOS integrated circuits, but 
does not lose sight of the fact that digital electronics has 
numerous “real world” applications. 

The topics covered in this book include: the basic con- 
cepts of logic circuits; the functions of gates, inverters and 
other logic “building blocks”; CMOS logic i.c. characteris- 
tics, and their advantages in practical circuit design; oscil- 
lators and monostables (timers); flip/flops, binary dividers 
and binary counters; decade counters and display drivers. 

The emphasis is on a practical treatment of the subject, 
and all the circuits are based on “real’’ CMOS devices. A 
number of the circuits demonstrate the use of CMOS logic 
i.c.s in practical applications. 


119 pages Order code BP333 £4.95 


methods are explained, but the mathematical background 
and theory is avoided, other than to state the end product. 


128 pages £7.95 


PROJECTS FOR THE ELECTRIC GUITAR 

J. Chatwin — 

This book is for anyone interested in the electric guitar. It 
explains how the electronic functions of the instrument 
work together, and includes information on the various 
pickups and transducers that can be fitted. There are com- 
plete circuit diagrams for the major types of instrument, 
as well as a selection of wiring modifications and pickup 
switching circuits. These can be used to help you create 
your own custom wiring. 

Along with the electric guitar, sections are also in- 
cluded relating to acoustic instruments. The function of 
specialised piezoelectric pickups is explained and there 
are detailed instructions on how to make your own 
contact and bridge transducers. The projects range from 
simple preamps and tone boosters, to complete active 
controls and equaliser units. 


92 pages Order code BP358 £4.95 


MIDI SURVIVAL GUIDE 

Vic Lennard 

Whether you're a beginner or a seasoned pro, the MIDI 
Survival Guide shows you the way. No maths, no MIDI 
theory, just practical advice on starting up, setting up 
and ending up with a working MIDI system. 

Over 40 cabling diagrams. Connect synths, sound 
modules, sequencers, drum machines and multitracks. 
How to budget and buy secondhand. Using switch, 
thru and merger boxes. Transfer songs between 
different sequencers. Get the best out of General MIDI. 
Understand MIDI implementation charts. No MIDI 
theory. : 

104 pages Temporarily out of print 


PRACTICAL ELECTRONIC MUSICAL 

EFFECTS UNITS 

R. A. Penfold 

This book provides practical circuits for a number of 
electronic musical effects units. All can be built at rela- 
tively low cost, and use standard, readily available com- 
ponents. The projects covered include: Waa-Waa Units; 
Distortion Units; Phaser; Guitar Envelope Shaper; 
Compressor; Tremolo Unit; Metal Effects Unit; Bass 
and Treble Boosters; Graphic Equaliser; Parametric 
Equaliser. The projects cover a range of complexities, 
but most are well within the capabilities of the average 
electronics hobbyist. None of them require the use of 
test equipment and several are suitable for near 
beginners. 


102 pages sled 


LOUDSPEAKERS FOR MUSICIANS 
Vivan Capel 
This book contains all that a working musician needs to 
know about loudspeakers; the different types, how they 
work, the most suitable for different instruments, for 
cabaret work, and for vocals. It gives tips on construct- 
ing cabinets, wiring up, when and where to use wad- 
ding, and when not to, what fittings are available, finish- 
ing, how to ensure they travel well, how to connect 
multi-speaker arrays and much more. 
Ten practical enclosure designs with plans and com- 
ments are given in the last chapter, but by the time 
iach read that far you should be able to design your 
own 


164 pages Order code BP297 £4.99 
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SURFING THE INTERNET 


NET WORK 


ALAN WINSTANLEY 


Wie to our monthly column written specially for users of 
the Internet — which includes most of our readership. New on 
the EPE web site (www.epemag.wimborne.co.uk) is the arrival of 
the Modern Electronics Manual (MEM) and the Electronics Service 
Manual (ESM), the two constantly-updated manuals which are 
available on a no-risk subscription basis from the publishers of 
EPE. You can now read about the contents and structure of each 
Manual, and by the time you read this it will be possible to purchase 
on-line via a secure order form. 


EXPLORER 5 COMES OF AGE 


The war of the browsers seems to have rather subsided as the dis- 
tinctions between different types are becoming increasingly 
blurred. In many cases, mainstream consumer users have adopted 
Internet Explorer by default because it arrived with their desk top 
operating system, and they know of no alternatives nor how to 
install them. The rise of Microsoft Internet Explorer together with 
the adoption of “URLs with everything”? are examples of how 
Microsoft turned on a sixpence and re-invented itself to embrace the 
Internet. Hewlett Packard is currently doing the same as regards 
e-commerce. 

About five years ago the National Center for Supercomputing 
Applications at the University of Illinois created amongst the first 
popular browsers (NCSA Mosaic) for Windows and also for Unix 
users. Access to the Internet from a Windows PC needed some tin- 
kering under the bonnet with Mosaic .ini files and separately 
installed Winsocks, but much of this was simplified when Windows 
95 came along. 

It is Netscape, originally founded on NCSA Mosaic know-how 
which was then rewritten, which did most of the running in the early 
days of web browsing with its Navigator browser. Spry persevered 
with the Mosaic browser and this was to be made available to 
CompuServe users for a time. All in all, getting Internet access was 
a tricky operation involving a lot of perseverance and some software 
skills, with flaky software, slow connections and a tiny handful of 
ISPs. 

The earliest screenshots of browser windows taken in the mid 90s 
had neither a Microsoft Windows logo nor a Netscape “N’’, but the 
distinctive Mosaic “S” globe taken from the NCSA logo (examples 
of which are at http://www.ncsa.uiuc.edu). Netscape then 
embarked upon the progressive development of its browser, which 
at the time became the best browser bar none. I have a copy of 
Netscape 1.22 for Windows 3.1 which fitted onto a single floppy 
disk, and was in use before Microsoft even appeared on the Internet 
browser scene, at a time of 9,600 or 14,400 access speeds! 

Early versions of Internet Explorer were best held and used at 
arm’s length, and regular readers will know that I deliberately hes- 
itated before installing MSIE 4.0, especially as I had taken a strong 
disliking to the loathsome “Active Desktop”’. It was, therefore, with 
some foreboding that I decided to take the plunge and use Explorer 
5. I have to say that I have been very pleasantly surprised. 

Installation was somewhat slow but flawless, and I have yet to see 
any error messages or problems. Surfing seems slightly more reli- 
able, with fewer Javascript error messages. Much of what MSIE 5.0 
is about is hidden behind the familiar-looking Explorer interface, 
but one improvement which readers will enjoy is the browser’s 
treatment of FTP sites, which now appear as familiar-looking 
Windows folders. The process of anonymous FTP is much more 
reliable and easier than before. Off-line browsing also works well, 
so that you can view web pages held in your cache, even when dis- 
connected. The browser seems at last to have come of age. 


HIDDEN WORMS 


In previous Net Work columns I explained the differences 
between computer viruses, Worms and Trojan Horses. These are 
malicious codes which are easily transmitted via the Internet, both 
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by E-mail and also by file transfers. Remember the golden rule that 
no file attachments should ever be run unless you are quite certain 
that they are from a known, trusted source. Recall that you cannot 
suffer a virus attack merely by reading an E-mail, but you can intro- 
duce a damaging virus by running an attachment. Opening 
Microsoft Word to read an attached .doc file constitutes running an 
attached file. 

Hot on the heels of computer viruses reported in earlier Net Work 
articles, the latest Worm to escape is Worm.ExploreZip, also 
known as W32.ExploreZip. This has some Melissa-like character- 
istics in that it propagates itself by using the Inbox of Microsoft 
Outlook (including Express) or Exchange mail systems to send a 
message in reply to any unread mails. It also launches Windows 
Explorer whenever Windows is booted up, and it contains a Trojan 
Horse, an invitingly innocent-looking file which will cause damage 
when executed. 

The originating message will arrive in the form of the message 
“Hi <username>. I received your email and I shall send you a reply 
ASAP. Till then, take a look at the attached zipped docs. Bye”. An 
executable file is attached to the message. 

Incredibly, people fall for it. It has already reportedly damaged 
some major institutions’ networks and E-mail systems which had to 
be shut down until they could be disinfected. The Worm will also 
seek out and infect any mapped drives on a network, and those 
machines will in turn mail out the Worm to its own unread mails. 
Thus the Worm multiplies and infects other systems. 

Once again it is stressed how dangerous it can be to open and run 
an attached file from an untrusted source. In the case of 
Worm.ExploreZip, a file called zipped_files.exe is attached to the 
innocent-looking E-mail. If it were a Zip file then it would have a 
.Zip extension, and the .exe is an obvious clue that the file is really 
an executable program. 

When the attached .exe is run, the Worm will not only reside on 
the infected system and launch itself every time the Windows PC 
is booted up, but it will also seek and destroy a variety of file 
types. EPE readers may be dismayed to note that one susceptible 
file type has the .asm extension, the source code files used in PIC 
microcontroller programs. The Worm will also hunt out and delete 
any *.c, or *.h or *.doc files (and more besides) both on the host 
machine and any others attached via a local area network, so if 
ever there was a reason to create regular backups, this Worm 
illustrates it. 

Escaped Worms now make big news and this one was reported on 
CNN a day or so before it made it to the quality press. You should 
make a point of checking the anti-virus web sites as described pre- 
viously. A utility file called kill_ez is provided by Symantec, who 
also describe a manual method of deleting the Worm: an update for 
Norton Anti Virus quickly became available but for some the news 
came too late. 


TROJAN TROUNCED 


As a final warning — half an hour before writing this I fetched the 
latest virus update for my Norton software from Symantec. I then ran 
a check over my small network, and lo and behold, Norton reported 
a Trojan Horse. It turns out that it is the Pentium P3 serial number I.D. 
exploit about which I reported last month. It is there, residing on a 
hard disk (of an old Pentium pre-MMX machine) and I didn’t even 
know about it. Hard disks are getting bigger, programs can contain 
thousands of files and eat prodigious amounts of space: it is so easy 
to forget about individual files which in a moment of forgetfulness 
(lasting several ohnoseconds) could be launched and inflict damage. 
Here’s one Trojan Horse which has been firmly put down. 

As always I have listed some interesting URLs on the Net Work 
web page of the EPE web site. Please do get in touch if you know 
of any sites which may be of interest to our readers. My E-mail 
address is alan@epemag.demon.co.uk. 
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| PROJECT KITS 


10W STEREO AMPLIFIER MODULE Uses TDA2009 
— AB audio power Sean ce IC designed for quality 
oa paiioe es eee £9.95 

IDGE AMPLIFIER 40W of ‘brute’ power @ 
12voG" pp 4W speakers. Ideal car booster amp. 


in REMOTE TOGGLE SWITCH Use any remote 
t+ unit to switch onboard relay on/off. 3058-KT 


SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
a torque at all _5-15VDC. 3067-KT £9.95 
PIC 16C71 R SERVO MOTOR DRIVER Simul- 
taneously control up to 4 servo motors (not supplied). 
On 50mm x 70mm. 3102-KT £14.95 
U STEPPER MOTOR DRIVER for any 5, 6 
or 8 lead motors. 3 run modes. 3109-KT £13.95 
PC BASED STEPPER MOTOR DRIVER Connects to 
parallel Drives two stepper motors up to 3A each. 
3113-KT £15.95 
TRANSMITTER RECEIVER PAIR 2-but- 
ton key fob style 300-375MHz Tx with 
30m range. Receiver encoder module with 
mai decoder IC. 30A15 £13.75 
STEREO VU METER shows peak music power using 
i 2 rows of 10 LED's pee yellow, red) moving bar 


display. ae 3089- 

NEGATIVE\POSITIVE (ON GENERATOR 
oe ee -Walton multiplier ral 
cuit. Mains v experience requir 

3057-KT £8.95 
AM RADIO KIT Tuned Radio Frequency front-end, 
srptcstin Al poner. spetr rons 
ication components inc. speaker pro 
#5 32x102mm. 3065-KT £8. 
D DICE Classic intro “ dais & circuit 
pill 7 LED's simulate dice roll, slow down & land 
on a number at random. 555 IC circuit. 3003-KT 


£7.95 

STAIRWAY TO HEAVEN Tests hand-eye co-ordina 

tion. Press switch when green segment of LED lights 

to climb the stairway — ee in! Good intro 

to several basic circuits. 3005-KT 

ROULETTE LED ‘Ball’ spins ie the wheel, slows 
q down & drops into a slot. 10 LED's, CMOS decade 

oo & Op-Amp. Educational & fun! 3006-KT 


DUAL LED DICE PIC 16C54 circuit performs similar 

function to 3003-KT above but two dice. Good intro 

to micro-controllers. Software code supplied on disk. 

3071-KT £11.95 

AUDIO TO LIGHT MODULATOR Controls intensity 
i oS or more sd in r dace pre vi audio on a a 


perience required. 3012- er tics 

9V XE TUBE FLASHER Transformer circuit 
steps up 9V battery rsa Hee flash the 25mm long 
el lay Adjustable rate (0.25-2 Sec’s). 


LED FLASHER 5 ultra bright red LED's flash in se- 
5 apy or randomly. Ideal for model railways. 3052- 


atten eee PC Wie Br Ay tone : 
ve ses any par. are, 
software & documentation rier roiy learn & test this 
uC provided. 3081-KT £21.95 
Fl oa ie a oe aac 
pin serial program 
LAM PICs, Third pay software supplied ex- 
pires after 2 cre mer come Veer 
ister. 3096-KT 
12-BIT PC DATA ACQUISITION & SYSTEM. Use your 
he to Ayah and control extemal events and devices 
llel port. 3118-KT £34.95 
avi vt 9V BATTERY CONVERTER Replace ex 
nsive 9V batteries with economic 1.5V batteries. C 
i circuit steps up 1 or 2 ‘AA’ batteries to give 
ra. psy £4.75 
RM Protect your valuables. Alarm sounds if 
raat i coacia smallest amount of light. Place in cash 
box etc. 3008-KT £4.50 
PIEZO SCREAMER 110db of ear piercing noise. PCB 
fits in box with has 2 x 35mm piezo elements built into 
their own resonant cavity. Use as an alarm 
siren or just for fun! 6-9VDC. 
3015-KT £8.75 
COMBINATION LOCK ~—— 
electronic lock comprisi 
circuit & separate ke bere remote 
openi ty — Relay supplied 


ULTRASONIC MOVEMENT 
DETECTOR locked detector 
po pati for maximum stability 
rohed bgp PCB 75 x Pica 
. 4-7m 






ech sensitivity. 
Output wi will drive external 
relay/circuits. 9VDC. 3049-KT £12.95 
PIR DETECTOR MODULE 3-lead assembled unit just 
lll as used in commercial burglar alarm systems. 
7 





MUSIC BOX Activated by igh. Pays oh Chismas songs 
and 5 other tunes. All components inc. speaker supplied. 
3104-KT £5.95 
FUNCTION penbomareblpa Quad Op-Amp eee oe hy 
weil yon ribo range square waves (6Hz-6KHz 
LOG PROBE tos CMOS & TTL creuls & detec 

E tests CMOS & TTL circuits & detects fast pulses. 
owe Full instructions supplied. 
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POCKET SAMPLER/DATA LOGGER Sample 
gas fous am 02 an 20 Unit fits into 
case supplied. PC powered. Software 






supplied. 3112-KT £18. 
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High performance surveillance bugs. Room 
transmitters supplied with sensitive electret 
microphone & battery holder/clip. All transmitters 
can be received on an ordinary VHF FM radio. 
Available in kit form (KT) or assembled and 
tested (AS). 


ROOM SURVEILLANCE 


MTX — MINIATURE 

3V TRANSMITTER 

Easy to build & guaranteed to 
transmit 300m @ 3V. Long battery life. 


3-5V operation. Only 45x18mm. 3007KT £4.95 or 
AS3007 £9.95 

MRTX — MINIATURE 9V TRANSMITTER 

Our best selling bug. Super sensitive, high power - 
500m range @ 9V (over 1km with 18V supply and 
pee aerial). 45x19mm. 3078KT £5.95 or AS3018 


5 
HPTX — HIGH POWER TRANSMITTER 
High performance, 2 stage transmitter gives greater 





Seg Stability & laa quality reception. 
1000m range @ 9V 
6-12V d.c. operation. 
Size 70x15mm. 
3032KT £6.95 or AS3032 £16.95 
MMTX — MICRO-MINIATURE 9V eaete ied ai 


The ultimate for its size, performance and 
Just 15x25mm. 500m range @ 9V. Good stability. S. 
18V operation. 3075KT £7.95 or AS30571 £13.95 
VTX - VOICE ACTIVATED TRANSMITTER 
Operates only when sounds detected. Low standby current. 
oled to trigger ee a ying x 
r maximum r.f. output. operation. 
Only 63x38mm. 3028KT £7.95 or AS3028 £24.95 
HARD-WIRED BUG/TWO STATION INTERCOM 
Each station has its own amplifier, speaker and mic. 
Can be set up 28 either a hard-wired bug or two- 
Station intercom. 10m x 2-core cable supplied. 9V 
ration. 3021KT £11.95 (kit form only) 
eee — TAPE A aradig vox s fo le 
automatically operate a tape recorder (not via 
message tictad based won delay iscioren ee 
recorded sensitivity & tum-off x 
3013KT £6.95 or 13£18,95 


TELEPHONE SURVEILLANCE 
MTTX — MINIATURE TELEPHONE TRANSMITTER 
Attaches anywhere to phone line. Transmits only 
when phone is used! Tune-in your radio 
and hear both parties. 300m 
Pie og Uses line as aerial 


source. 20x45mm 
016 £4.95 or AS3016 £10.95 
TRI - TELEPHONE RECORDING ove, Donnacle 


i tape 
Operates recorders with 1:5-12V_batte aysems 


AS3033 £15.95 
TPA — TELEPHONE PICK-UP AMPLIFER/WIRELESS 
PHONE BUG 


eee eae ca Le Dice. We cr leet pine ee 
piece and hear both sides of the conversation. 


LY.40 Of AQUUQO 19.95 


pq FACTOR 


THE EXPERTS IN RARE & 
UNUSUAL INFORMATION! 


Full details of all X-FACTOR PUBLICATIONS can 
be found in our catalogue. N.B. Minimum order 
charge for reports and plans is £5.00 PLUS 

normal P.&P. 


SUPER-EAR LISTENING DEVICE Complete 
plans to build your own parabolic dish 
microphone. Listen to distant voices and sounds 
through open windows and even walls! Made 
from readily available parts. R002 £3.50 


TELEPHONE BUG PLANS Build you own micro- 
beetle telephone bug. Suitable for any phone. 
Transmits over 250 metres — more 
with good receiver. Made from 
easy to obtain, cheap 
components. A006 £2.50 


LOCKS — How they work and 
how to pick them. This fact 
filled report will teach you more about 
locks and the art of lock picking than many books 
we have seen at 4 times the price. Packed with 
informationand illustrations. RO08 £3.50 


RADIO & TV JOKER PLANS 

We show you how to build three different cir- 
cuits for disrupting TV picture and sound plus 
FM radio! May upset your neighbours & the 
authorities!! 

DISCRETION REQUIRED. A017 £3.50 


INFINITY TRANSMITTER PLANS Complete 
plans for building the famous Infinity Transmitter. 
Once installed on the target phone, device acts 
like a room bug. Just call the target phone & 
activate the unit to hear all room sounds. Great 
for home/office security! F079 £3.50 

THE ETHER BOX CALL INTERCEPTOR PLANS 
Grabs telephone calls out of thin air! No need to 
wire-in a phone bug. Simply place this device 
near the phone lines to hear the conversations 
taking place! R025 £3.00 


20 MHz FUNCTION GENERATOR Coarse and 
Pew eee TTL output. 2V p-p. Uses MAX038 

IC. Full assembly and operating instructions and 
box provided. 3101-KT £49.95 
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plus AUDIO e EDUCATIONAL @ LASER e SECURITY @ TEST GEAR @ BOOKS & more 


Our high quality project kits are supplied with all components, fibre ass PCB’s & comprehensive 

instructions. FREE CATALOGUE with order or send 2 x 1st Class stamps (r 

100 kits & publications. Mail order only. Please ADD £2.00 P. & P. to all orders (Europe £3.50, Rest of 

World £5) & make cheques/PO’s payable to Quasar Electronics. Goods normally despatch within 5 
rking days b for delivery. Prices include VAT at 17:5%. 


asar Electronics Unit 14 Sunnningdale BISHOP’S STORTFORD Herts CM23 2PA 
Tel./Fax 01279 306504 E-mail: epesales@quasar-electronics.freeserve.co.uk 
Web site: http://www.quasar-electronics.freeserve.co.uk 


efundable) for details of over 



























PCB SERVICE 


Printed circuit boards for certain EPE constructional projects are available from the 
PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board 
for airmail outside of Europe. Remittances should be sent to The PCB Service, 
ed fer! 4 Practical Electronics, Allen House, East Borou i , Wimborne, Dorset 
BH21 1PF. Tel: 01202 881749; Fax 01202 841692 (NOTE, we cannot reply to 
orders or queries by Fax); E-mail: orders@epema ‘wimborne.co.uk . Cheques 
should be crossed and made payable to Everyday Practical Electronics (Payment 
in £ sterling only). 
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for 
delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photostats of articles are available if required — see the 
Back Issues page for details. 
Please check price and availability in the latest issue. 

Boards can only be supplied on a payment with order basis. 


Special KNOCK DOWN SALE of PcBs. 


We have a few p.c.b.s left from past projects these are being 
offered at the knock = rice of £2.00 each 
— no matter what size they are (some of 
these boards are worth over £15.00 each) 
while stocks last. This price includes VAT and 
UK post — overseas orders please add 50p 
postage (or £1 per board for airmail postage). 
Print Timer, 874; Stereo HiFi Controller — Power 
Supply, 886 — Main Board, 887 — Expansion/Display 
Boards, (pair) 888; Power Controller, 905; Active Guitar Tone Control, 907; 
TV Off-er (pair), 908/909: Video Modules — 1 Simple Fader, 910; Video 
Enhancer, 912; 12V 35W PA Am lifier, 930; *National Lottery Predictor, 
935; MIDI Pedal, 938; Club Vote otaliser, 939; Ramp Generator — Logic 
Board (double-sided p.t.h.), 944 - Analogue board, 945; Microcontrolled 
3-Digit Timer, 933; Low-Range Ohmmeter Adaptor, 926; Vandata — Boot 
Control Unit, 953 — Display Unit, 954; Capacitor heck, 955. 
Any of the above for just £2 each inc. VAT and p&p. 
Back numbers or photostats of articles are available see the 
Back Issues page for details. 



















PROJECT TITLE Order Code 


Digital Delay Line 958 £8.04 
50Hz Field Meter 959 £8.32 
Temperature Warning Alarm (Teach-in ’96) 960 £6.15 


Stereo “Cordless ” Headphones 
Transmitter 961 
Receiver 962 
*EPE Met Office — Sensor/Rainfall/Vane 963/965 
Spiral transparency free with above p.c.b. 


*EPE Met Office — 
Computer Interface (double-sided) 

Audio Signal Generator 

Automatic Camera Panning (Teach-In '96) 

Printer Sharer 


Vari-Speed Dice (Teach-in ’96) FEB 96 
Mains Signalling Unit — 2 12V Capacitive PSU 


Multi-Purpose Mini Amplifier 976 

High Current Stabilised Power Supply 979 

Mind Machine Mk IIl — Sound and Lights 980 
Infra-Zapper Transmitter/Receiver 

(Teach-in '96) 981/982 (pr) 


Bat Band Converter/B.F.O. 984a/b 
Hearing Tester 985 
Event Counter (Teach-In ’96) 986 


B.F.O. and Bat Band Converter 
Versatile PIR Detector Alarm 

Mind machine Mk III — Tape Controller 

Midi Analyser 

Countdown Timer (Teach-In ’96) 


Sarah's Light 

Home Telephone Link 
* PulStar 

VU Display and Alarm 


Ultra-Fast Frequency Generator 

and Counter — Oscillator/L.C.D. Driver 994/995 (pr) 
Timed NiCad Charger 100 
Single-Station Radio 4 Tuner 101 
Twin-Beam Infra-Red Alarm —Transmitter/Receiver 102/103 (pr) 
* Games Compendium 
Mono “Cordless” Headphones 

— Transmitter/Receiver ) 
Component Analyser (double-sided p.t.h.) 
Garden Mole-Ester 
Mobile Miser 
Bike Speedo 


*PIC-Tock Pendulum Clock 
Power Check - 

Analogue Delay/Flanger 
Draught Detector 

Simple Exposure Timer 


£5.80 
£6.87 
£8.39 


JUNE 96 
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Video Fade-to-White 
Direct Conversion 80m Receiver 


Vehicle Alert 


10MHz Function Generator— ro Board 












Central Heating Controller 
D.C. to D.C. Converters — Bib esa thet Su 
Step- pow ne 





ply Generator 
nega 






Digital/Analogue | achometer nee 96 
Stereo Cassette Recorder 
Playback/PSU 


Record/Erase 


nk cali, teh ook 
MM PP 
WNO 







131/132 (pr) 
be an 


ty Me 
Current Gen. — Amp/Rect. 
Theremin MIDI/CV Interface (double-sided p.t.h.) 
Mains Failure Warning 
Pacific Waves 
cD Experimental Controller 


£12.70 
rs 7 















FEB'97 










Video Negative Viewer 
Tri-Colour NiCad Checker 
Dual- eet Ens Unit (plus Free TENS info. 
APRIL’97 










Transmitter 
— Receiver 


Agor eelie 
Manes Ble tiscali 






He Puddle Probe 
MI atrix — PSU 
— Interface 











Quasi-Bell Door Alert 
2M F.M. Receiver 
*PIC-A-Tuner 
Window Closer — Trigger 
— Closer 













— Transmitter 
— Receiver 
Pyrotechnic Controller 
*PIC Di igllogue Clock 
Narrow Range ‘Duet 
ector — 

Infra-Red Remote Contro Repeater 

(Multi-project P.C Ea 
Karaoke Echo Unit — Echo Board 
— Mixer Board 


Computer Dual User Interface 
a sT ears 


















JULY'97 










ariab upply 
reversal input Amplifier 
ieee PIR Detector — 2 Controller 
*PIC-OLO 
. . SEPT’97 
Soldering Iron Controller 
*PIC Noughts & Crosses Game 
Micropower PIR Detector — 3 
Alarm Disarm/Reset Switch 
lroning Saf 




















Remote Control Finder | OCT'97 | 168 
Rechargeable Handlamp 169 £6.23 
*PIC ater Descaler 170 £6.90 
ime Machine NOV’97 B. 
Auto-Dim Bedlight 172 ; 
Portable 12V PSU/Charger 173 i 
ar Immobiliser a) onc) 
Safe and Sound (Security Bleeper 
urface !hermometer JAN’98 


et pas eee 












eitual Scope Digiteh Board 
Analo oard (per board) 

* Water Wizard 

Kissometer 


utoria 
The Handy Thing (Double-Sided) 
f hting-Up Reminder 
* Audio System Remote Controller — PSU 
Main Board 
APR'98 






















iH e Metal Detector 
ae -project PCB) 
si le or Dual-Tracking Power Supply 
-Meter 
Saat Auto-Lig 
Stereo Tone Control plus 20W Stereo Am 
Tone Control 
20W Amplifier 
* Dice Lott 


EPE Mood Changer 
*AT89C2051/1051 Programmer 
Main Board 


Test Board 
lal Timer 
A oolki 
RGchecheins Computer 

Control Board 
ae Board 









Software onl 
















arger eNO lemeys} 
Lightbulb aver 
Personal Stereo Am SEPT'98 









fier 
Multi-project PCB) 
*Greennouse Radio Link 
vans Altimeter 

Processor 
xDigiser R/C Expander 
IR Remote Control 
Transmitter 

Receiver 
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*PIC Tape Measure 
Electronic Thermostat 
T-Stat 
PhizzyB , 
A-PCB B-CD-ROM_._ C-Prog. Microcontroller 
15-Way IR Remote Control 
Switch Matrix 
15-Way Rec/Decoder 
Damp Stat 
Handheld Function Generator 
* Fading Christmas Lights 
PhizzyB I/O Board (4-section) 
Twinkle Twinkle Reaction Game 
*EPE Mind PICkler 
PhizzyB I/O Board (4-section) 
Alternative Courtesy Light Controller 
Light Alarm 
* Wireless Monitoring System — Transmitter 
Receiver 
Software only 
* Wireless Monitoring System—2 
F.M. Trans/Rec Adaptors 
*Time and Date Generator 
Auto Cupboard Light 
Smoke Absorber 
lroning Board Saver 
Voice Record/Playback Module 
Mechanical Radio (pair) 
* Versatile Event Counter 
*PIC Toolkit Mk 2 
A.M./F.M. Radio Remote Control 


Bee (A)(B)(C) 


211 
212 


*PIC MIDI Sustain Pedal 


219a/220a 
221 
222 
223 


Transmitter 
Receiver 





* Musical Sundial 

PC Audio Frequency Meter 

*EPE Mood PiCker 

12V Battery Tester 

Intruder Deterrent 

L.E.D. Stroboscope 
(Multi-project PCB) 


Ultrasonic Puncture Finder 
*8-Channel Analogue Data Logger 
Buffer Amplifier (Oscillators Pt 2) 
Magnetic Field Detective 
Sound hy anit Switch | 

Al Multi 
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EPE SOFTWARE 


Software programs for EPE projects marked with an asterisk * are 
available on 3.5 inch PC-compatible disks or free from our Internet 
site. Four disks are available: PIC Tutorial (Mar-May ’98 issues); 
PIC Toolkit Mk2 (Mar-Jun ’99 issues); PIC Disk 1 (Apr '95—Dec ’98 
issues); EPE Disk 2 (Jan ’99 issue to current cover date). The disks 
are obtainable from the EPE PCB Service at £2.75 each (UK) to cover 
our admin costs (the software itself is free). Overseas (each): £3.35 
surface mail, £4.35 each airmail. All files can be downloaded free from 
our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk. 


EPE PRINTED CIRCUIT 
BOARD SERVICE | 


Order Code _s— Project Quantity Price 











ee 


i | enclose payment Of £..............ccccceeeeeeeees (cheque/PO in £ sterling only) to: 


Everyday 
Practical Electronics 


Access (MasterCard) or Visa No. 
Minimum order for credit cards £5 


pO 


I sssestei serie miei Card Exp. Date... eee 


EUROCARD 


MasterCard 





as. 


Please supply name and address of cardholder if different from the address shown \ 
§ NOTE: You can order p.c.b.s via our Internet site on a secure server: J 
http:/ .epemag.wimborne.co.uk 
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ELECTRONIC 













ELECTRONICS 


TODAY INTERNATIONAL 





Everyday Practical Electronics/ETI reaches twice as 
many UK readers as any other independent monthly 
hobby electronics magazine, our audited sales 
figures prove it. We have been the leading 
independent monthly magazine in this market for the 
last fourteen years. 















If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm). 
he prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics/ET| Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex 


CO16 OED. Phone/Fax (01255) 861161. 


For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 









RCS VARIABLE VOLTAGE D.C. BENCH POWER SUPPLY 
Up to 20 volts d.c. at 1 amp continuous, 1-5 amps peak, 
fully variable from 1 to 20 volts. Twin 

Voltage and i sete . 
Current meters 
for easy read- 
out. 240 volt a.c. § ae” 
input. Fully smoothed, size 23cmx14cmx8cm. 


RADIO COMPONENT SPECIALISTS 


ites 337 WHITEHORSE ROAD, CROYDON “i035 

SURREY, CRO 2HS. Tel: 0181-684 1665 
Lots of transformers, high volt caps, valves, output transformers, speakers, in stock. 
Phone or send your wants list for quote. 














Post £4 



























ASTRA Desk Top Accounting” 


are you worried that your customers 
will insist on using the Euro and se 


leave you off their list of supphers’? 





see  AstraAccounts.co.uk for a Pan-European 
solution to help you with this looming problem 
S&S Systems Ltd, Bretton Court, 826 SPS, UK 









BRAND NEW SINCLAIR SPECTRUM 
& QL PARTS 
ZX MICRODRIVES £15, INTERFACE ONE £20, 
CARTRIDGES 10 FOR £15, 50 FOR £50. 


QL BOARDS 5, 6 & 7, POPULATED WITH 
JS ROMS, £30; UNPOPULATED, £12; MICRODRIVES 
£10 EACH, TOP & BOTTOM CASES £15, 
MEMBRANES £15 


THE P.C., MAC and QL’s “Little Friend” 
MAC LINK £10 — P.C. LINK £25 — QL LINK £12 
CAMBRIDGE Z88 A4 NOTEBOOK 
COMPUTER AVAILABLE AGAIN £99, 
RECONDITIONED £60 
ONLY 1” THICK, 4xAA BATTS. 20 HOURS WORK. 
LCD SCREEN, 72 Crs, 6 LINES, 32K RAM, EXTRA 
RAMS & EPROMS, 9 pin D SERIAL PORT, ROM HAS 
BBC BASIC, W/PROCESSOR, SPREADSHEET, DATA 
BASE, IMP/EXPORT TO PC etc, V52 TERMINAL. 
W.N. RICHARDSON & Co. 
PHONE/FAX 01494 8713196 
RAVENSMEAD, CHALFONT ST PETER, 
BUCKS, SL9 ONB. 


y & =} =} IOW AVAILABLE WITH 
128K AND 512K — O24 





BTEC ELECTRONICS 
TECHNICIAN TRAINING 


GNVQ ADVANCED ENGINEERING 
(ELECTRONIC) — PART-TIME 
HND ELECTRONICS — FULL-TIME 
B.Eng FOUNDATION — FULL-TIME 
Next course commences 
Monday 13th September 1999 


FULL PROSPECTUS FROM 


WO) | B10) \ i 1m On B10) | (mele) Bm 1c) 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: 0171-373 8721 








THE BRITISH AMATEUR 
ELECTRONICS CLUB 


exists to help electronics enthusiasts by 
personal contact and through a quarterly 
Newsletter. 
For membership details, write to the 
Secretary: 
Mr. M. P. Moses, 

5 Park View, Cwmaman, 
Aberdare CF44 6PP 
Space donated by 
Everyday Practical Electronics 
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Miscellaneous 





G.C.S.E. ELECTRONIC KITS, at pocket 
money prices. S.A.E. for FREE catalogue. SIR- 
KIT Electronics, 52 Severn Road, Clacton, 
CO15 3RB. 


PRINTED CIRCUIT BOARDS - QUICK 
SERVICE. Prototype and Production. Artwork 
raised from magazines or draft designs at low 
cost. PCBs also designed from schematics. 
Production assembly also undertaken. For 
details send to P. Agar, Unit 5, East Belfast 
Enterprise Park, 308 Albertbridge Road, 
Belfast, BTS 4GX, or phone/fax 01232 
738897. 

VALVE ENTHUSIASTS: Capacitors and other 
parts in stock. For free advice/lists please ring, 
Geoff Davies (Radio), Tel. 01788 574774. 


P.C.B. SERVICE. For more details phone Mr 
Belt, 01673 842338. 


Masters degree tor 
your 21st Birthday 


HIND IN MECHATRONICS FULL TIME F 
Study for HND in a ‘broad based’ area, preferred by 
process and manufacturing industries. Industry now 
needs engineers who are multi-skilled because of 
the diverse technologies. 


This HND covers areas such as PLC, PICS, 
hydraulics, pneumatics, CAD, industrial control, 
mechanics, electrical and electronics. 


Teaching and learning strategies are varied and 
flexible and University College Warrington fosters 
and maintains an atmosphere that is friendly and 
informal. Those students wishing to obtain a degree 
and/or chartered status or a masters degree* on 
completion can do so by agreement with a 
prestigious northern University. 


* it is possible if you are leaving school this year, to obtain a 
masteres degree in Mechatronics by the time that you are 21. 


For further information please 

contact Hubert Ward or Pat 

Hamilton on 01925 494494 

quoting reference na HE18/6/99 q ‘y 
Ye oon 


INVERTS PN EERIE EE 
University 
College oe: 
Warrington snscossrcnnsione 





CHECK THIS OUT! 


Two complete KITS for £1, includes p.c.b. and all parts. One 
Dual L.E.D. Flasher Unit and one Single-pad Touch Switch. 
PLUS free diode pack of 10 5mm |.e.d.s and 10 IN4001s. 


Send £1 plus two 2nd class stamps to: 
J. Spriggs 
190 Dentons Green Lane, St. Helens, 
Merseyside WA10 6RH 








PROTOTYPE PRINTED CIRCUIT 
BOARDS one offs and quantities, for details 
send s.a.e. to B. M. Ansbro, 38 Poynings Drive, 
Hove, Sussex BN3 8GR, or phone Brighton 
883871, fax 01273 706670. 

NEW AND USED COMPUTERS, spares, 
etc. at keenest prices. e.g.: 386 min 2MB RAM, 
20MB HDD, desktop case, keyboard and 
cables, 12in. VGA mono monitor, £55. 486 
DX33 min. 8MB RAM, 120MB HDD, desk top 
case, keyboard and cables, 14in. VGA colour 
monitor, £165. Many other systems available. 
Whatever you need, Phone/Fax 0181 853 3374 
for prices. 

PIC PROTOTYPING KIT. Eurocard size. On- 
board RS232, voltage regulation and protection, 
in-circuit programming. Large prototyping area. 
Kit includes serial and programming cables. For 
details send an AS s.a.e. to: Frank Cembrola, 
93/B St. Johns Road, Biddulph, Staffs, ST8 
6LL, UK. http://www.a-f.u-net.com/main.htm. 
Tel. 01782 518356. 

SINGLE BOARD COMPUTER: PIC16F84 
89C2051, ACR90S1200 and 68HC11 with real 
time clock, I2C EEPROM, RS232, RS485, 128 
KB-1MB EPROM Emulator. Fax 852 29522558 
(Hong Kong), http://www.wvtek.com. 
SECOND USER TEST EQUIPMENT FOR 
SALE: Scopes, generators, dmms, etc. HP, 
Tektronix, Datron, Hameg, Marconi, Fluke, 
etc. Low prices. Also some non-working 
equipment for parts, experiments, etc. Ring 
or E-mail for list. 07930 144803 or 
bford@ mitectelcom.com. 

POWER SUPPLY MODULES, £2.99! 
Regulated 1 amp, 9-25V d.c. variable, electronic 
protection and l.e.d. K.LA., 1 Regent Road, 
Ilkley LS29 


EPE FTP site: ftp://ftp.epemag.wim- 

borne.co.uk 

Access the FTP site by typing the above 

into your web browser, or by setting up an 

FTP session using appropriate FTP soft- 

ware, then go into quoted sub-directories: 

PIC-project source code files: /pub/PICS 

PIC projects each have their own folder; 
navigate to the correct folder and open it, 
then fetch all the files contained within. 
Do not try to download the folder itself! 

EPE text files: /pub/docs 

Basic Soldering Guide: solder.txt 

EPE TENS Unit user advice: tens.doc and 

tens.txt 

Ingenuity Unlimited submission guidance: 

ing_unlt.txt 

New readers and subscribers info: 

epe_info.txt 

Newsgroups or Usenet users advice: 

usenet.txt 

Ni-Cad discussion: nicadfaq.zip and 

nicad2.zip 

UK Sources FAQ: uksource.zip 

Writing for EPE advice: write4us.txt 
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TRAIN TODAY FOR A BETTER FUTURE 


Now you can get the skills and, qualifications you need for 
career success with an ICS home Study Course. Learn in the 
comfort of your own home at the pace and times that suit you. 
ICS is the. world's largest, most experienced home study 
school. Over the past 100 years ICS have helped nearly 10 
million people to improve their job prospects. Find out how we 
_can help YOU. Post or phone today for FREE INFORMATION 


Electrical Contracting & Installation 
Electrical Engineering 

C&G Basic Electronic Engineering 

C&G Basic Mechanical Engineering 

TV and Video Servicing 

Radio and Hi-Fi Servicing 

Refrigeration Heating & Air Conditioning 
Motorcycle Maintenance 


| FREEPHONE 0500 581 557 


Or write to: International Correspondence Schools, FREEPOST 882, 8 Elliot Place, 
Clydeway Skypark, Glasgow, G3 8BR. Tel: 0500 581 557 or Tel/Fax: Ireland 01 285 2533. 
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Mr/Mrs/Ms/Mi 
BLOCK CAPITALS PLEASE 








Occupation 


From time to time, we permit other carefully screened organisations to write to you about 
products and services. If you would prefer not to hear from such organisations please tick box [1] 


Please send me my Free Information on your Electronics Courses. 


Date of Birth / / / 





Postcode 
Tel. No. 








Dept. ZEEE 020799 


Professional 88-108MHz FM proeecestid Kits 


NI OlUl an Gi com iateele(> 


Detailed Instructions with Schematics 
High Quality Screen Printed PCBs 
High Quality Components 


OlUT me sdcelelUlea mm at:lalelcm inleiele (st 


Transmitters from 0-05W to 35W 
FM Stereo Coders 

Audio Compressor Limiters 
Antennas 

RF Power Amps 


Our Kits Are Also Available 
Fully Assembled And Tested 


WE DELIVERY WORLD-WIDE AND 
ACCEPT MAJOR CREDIT CARDS 


Contact Us Now For A Free Brochure 


1W Professional PLL FM Transmitter for Licenced Use in the UK 
Visit our Website at http://www.veronica.co.uk 


Tel 01274 883434 Fax 01274 428665 


email info@veronica.co.uk 


Unit 5/6 1A Sandbeds/Albert Rd Queensbury BRADFORD BD13 1AA 


SUPPLIER OF QUALITY USED 
TEST INSTRUMENTS 


CONTACT 


Unit Four, Fordingbridge Site, Barnham, 
Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 


CAPACITORS HALF PRICE 
AXIAL Standard Aluminium Electrolytics (uF/Volts) EACH 
1/63, 1/100, 2u2/63, 10/25, 22/25, 47/25, 100/16 4p 
1/250, 343/63, 47/63, 10/40, 33/40, 100/25, 150/16 5p 
1/450, 33/63, 47/63, 470/10, 680/16, 1000/10 NOW 9p 
33/350, 10/250, 22/ 100, 47/100, 220/63, 1000/15 12p 
1000/16, 14p; 1000/25, 2200/10, 15p; 330/100, 27p 
2200/16, 29p; 2200/25, 38p; 2200/40, 3300/10, 39p 
RADIAL Standard Aluminium Electrolytics (uF/Volts) 
220/25, 470/25, 9p; 1000/25, 20p; 2200/6V3, 2200/10, 14p 
RADIAL Polyester/Polycarbonate Types (uF/Volts DC) 
0-022/250, 2p; 0-1/250, 3p; 0-22/250, 3p; 0-22/400, 19p 
0:33/250, 4p; 0-33/400, 29p; 1-0/250, ce ; 2u2/250, 8p 
CONNECTORS HALF 
DIN PLUGS: 2-pin, 3- pn 5-pin 240°, 7-pin ONLY 12p 
DIN CHASSIS SOCK ied 2-pin, 3-pin, 5-pin 240° 14p 
DIN LINE SOCKETS: 5- A a 7-pin NOW ONLY 24p 
JACK PLUGS MONO PLASTIC: '/,in., 25mm, 3-5mm NOW 8p 
JACK CHASSIS SOCKETS MONO METAL: 25mm NOW ONLY 5p 
JACK LINE SOCKETS PLASTIC: '/gin., 25mm, 3-5mm 9p 
PHONO PLUGS: Red, black or assorted colours | ONLY 17p 
PHONO SOCKETS: Single 14p, Twin 24p, Quadruple 32p 
COAX BACK-TO-BACK LINE SOCKETS plastic NOW ONLY 19p 
UHF PL259 SERIES: Plug 47p (reducer 24p); SOCKET 27p 
BNC PLUG 75 ohm solder ype NOW ONLY 49p 
A.C. MAINS CASSETTE PL donee NOW ONLY 49p 
D.C. POWER 2:1mm LOW VOLTAGE TYPE: plug 11p, socket 19p 
4mm TERMINAL POST RS: Red or black plastic ONLY 74p 
10A TERMINAL POST BELLING LEE: Black plastic | NOW 49p 
Half prices based on April 1998 catalogue prices 


HALF PRICE SUMMER SALE 





OPERATING & SERVICE MANUALS 


sth a 


cad 


CONTACT 


Unit Four, Fordingbridge Site, Barnham, 
Bognor Regis, West Sussex, PO22 OHD, UK 
Tel: (+44) 01243 545111/2. Fax: (+44) 01243 542457 
Web: http:\\www.cooke-int.com 
E-mail: info@cooke-int.com 


OPTOELECTRONICS HALF PRICE 
MES batten lamp holders, were 45p NOW ONLY 22p 
LAMPS wire-ended 6V/50mA or id ONLY 19p 
NEON wire-ended, requires series 270k '/W resistor 9p 
NEON INDICATOR panel mounting 10mm a., RED 39p 
SWITCHES AND FUSEHOLDERS HALF PRICE 
STANDARD TOGGLE S.PS.T. 250V 3A by Arrow NOW 52; 
MEDIUM TOGGLE D.P.D.T. 125V 3A NOW ONLY 44) 
SMALL TOGGLE S.P.S.T. 125V 6A NOW ONLY 49P 
ROTARY SWITCH 1-pole 12-wa NOW ONLY 4 
ILLUMINATED ROCKER 250V A.C. 10A D.P.S.T. ONLY 82 
FUSEHOLDER panel mounting 20mm, 17p; 31mm, 27p 
ALUMINIUM BOXES WITH LID - HALF PRICE 
75x55x25mm, 74p, 105x70x40mm, 99p; 135x73x38mm, 108p 
100 100x35mm, 109p; 135x 105x38mm, 124p 
PLASTIC POWER SUPPLY CASES HALF PRICE 
90x60x45mm ventilated with 2 holes at rear 44p 
123x65x43mm vented with 3 holes, 2 at front 49p 
OTHER BARGAINS 
ASSORTED PACKS STILL AVAILABLE - SEND FOR LISTS 
EXAMPLES: 100 CAPACITORS, £1; 350 RESISTORS, £1 
100x1N4148, £1; 50x1N914, £1; 50xDIODES, £1 
FIRST COME - FIRST SERVED. ALL SUBJECT TO STOCK 
Send SAE for list of 1997/98/99 EPE KITS available. 
P&P ONLY £1. NO VAT. Send SAE for COMPONENT lists 
ALL MAJOR CREDIT CARDS, CHEQUES & POs ACCEPTED 


FML ELECTRONICS, THE BUSINESS CENTRE 
BRIDGE STREET, BEDALE, NORTH YORKSHIRE DL8 2AD 
TEL: 01677 425840 
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VARIABLE VOLTAGE 
TRANSFORMERS 


INPUT 220V/240V AC 50/60Hz OUTPUT OV-260V 
PANEL MOUNTING 
P&P. 


£6.00 
(£45.84 inc VAT) 
£45.25 £7.00 
(£61.39 inc VAT) 


Price 
0:-5KVA 2:5 amp max £33.00 
1KVA 5 amp max 


SHROUDED 
0-5KVA 2:5 amp max £6.00 
(£47.00 inc VAT) 
£46.25 £7.00 
(£62.57 inc VAT) 
£8.50 
(£86.36 inc VAT) 
£86.50 £8.50 
(£111.63 inc VAT) 
£150.00 (+ Carriage & VAT) 


£34.00 
1KVA 5 amp max 

2KVA 10 amp max £65.00 
3KVA 15 amp max 


5KVA 25 amp max 


Buy direct from the Importers. Keenest prices in the country. 


500VA ISOLATION TRANSFORMER 


Input lead 240V AC. Output via 3-pin 13A socket. 240V AC 


continuously rated. mounted in fibreglass case with handle. 


Internally fused.Price £35.00 carriage paid + VAT (£41.13) 


TOROIDAL L.T. TRANSFORMER 


Primary 0-240V AC. Secondary 0-30V + 0-30V 5O0VA. 


Fixing bolt supplied. 
Price £25.00 carriage paid + VAT (£29.38) 


COMPREHENSIVE RANGE OF TRANSFORMERS- 
LT- ISOLATION & AUTO 


110V-240V Auto transfer either cased with American socket 
and mains lead or open frame type. Available for immediate 


delivery. 


ULTRA VIOLET BLACK LIGHT BLUE 
FLUORESCENT TUBES 
4ft. 40 watt £14.00 (callers only) (£16.45 inc VAT) 
2ft 20 watt £9.00 (callers only) (£10.58 inc VAT) 
12in 8 watt £4.80 + 75p p&p (£6.52 inc VAT) 
Yin 6 watt £3.96 + 50p p&p (£5.24 inc VAT) 
6in 4 watt £3.96 + 50p p&p (£5.24 inc VAT) 


230V AC BALLAST KIT 


For either 6in, 9in or 12in tubes £6.05+£1.40 p&p — (£8.75 inc VAT) 


The above Tubes are 3500/4000 angst. (350-400um) ideal for detecting 


security markings, effects lighting & Chemical applications. 


Other Wavelengths of UV TUBE available for Germicidal & Photo 


Sensitive applications. Please telephone your enquiries. 


400 WATT BLACK LIGHT 

BLUE UV LAMP 

GES Mercury Vapour lamp suitable for 
use with a 400W PF. Ballast. 

Only £39.95 incl. p&p & VAT 


ated aieiiaiiiteeiaasiiedeaee — - - —— — 


5 KVA ISOLATION TRANSFORMER 
As New. Ex-Equipment, fully shrouded;-Line Noise 
Suppression, Ultra Isolation Transformer. wi termi- 
nal covers and knock-out cable entries.Primary 
120V/240V, Secondary 120V/240V, 50/60Hz, 
0-005pF Capacitance. Size, L 37cm x W '19cmc x H 
16cm, Weight 42 kilos. Price £120 + VAT. Ex-ware- 
house. Carriage on request. 
24V DC SIEMENS CONTACTOR 
Type 3TH8022-0B 2 x NO and 2 x NC 230V AC 10A. 
Contacts. Screw or Din Rail fixing. Size H 120mm x 
W 45mm x D 75mm. Brand New Price £7.63 incl. 
p&p and VAT. 
240V AC WESTOOL yen 
yr2 Mod. 1 Rat. 1 Max. stroke %/gin. | mountin 
/gin. stroke 5Sibs_pull secs 6 M 1 Rat. 
Max. stroke 1in. Base geil Toin. ear 15lb 
pyl approx. SERIES 400 1 Raf. 2 Max. stroke 
/gin. Front mounting stoke 15lbs pull 
ap Sox. Price incl. p&p & VAT 15 £5.88, TT6 £8.81, 
SERIES 400 £7.64. 
AXIAL COOLING FAN 
230V AC 120mm square x 38mm 3 blade 10 watt 
Low Noise fan. Price £7.29 incl. p&p and VAT. 
Other voltages and sizes available from stock. 
Please telephone your enquiries. 
INSTRUMENT CASE 
Brand new. Manufactured by Imhof. L 31cm x H 
18cm x 19cm Deep. Removable front and rear panel 
for easy assembly of your components. Grey tex- 
tured finish, complete with case feet. Price £16.45 
incl. p&p and VAT. 2 off £28.20 inclusive. 
DIECAST ALUMINIUM BOX 
with internal PCB guides. Internal size 265mm x 
165mm x 50mm deep. Price £9.93 incl. p&p & VAT. 2 
off £17.80 incl. 
230V AC SYNCHRONOUS GEARED MOTORS 
Brand new Ovoid Gearbox Crouzet type motors. H 
65mm x W 55mm x D 35mm, 4mm dia. shaft x 10mm 
long. 6 RPM anti cw. £9.99 incl. p&p & VAT. 
20 RPM anti cw. Depth 40mm. £11.16 incl. p&p & VAT. 


SOLID STATE EHT UNIT 
Input 230V/240V AC, Output approx 15KV. 
Producing 10mm spark. Built-in 10 sec timer. 
Easily modified for 20 sec, 30 sec to continuous. 
Designed for boiler ignition. Dozens of uses in 
the field of physics and electronics, e.g. sup- 
eying neon or argon tubes etc. Price less case 
50+£2.40 P&P (£12.81 inc VAT) NMS. 


EPROM ERASURE KIT 

Build your own EPROM ERASURE for a fraction ot the 
price of a made-up unit. Kit of parts less case includes 
12in. 8watt 2537, Angst Tube Ballast unit, pair of bi-pin 
leads, neon indicator, on/off switch, ws microswitch 
and circuit £15.00+£2.00 p&p. .98 inc VAT) 
WASHING MACHINE ee papel 
Brand new 240V AC fan cooled. Can be used for a 
variety of purposes. Inlet 1'/oin., outlet 1in. dia. 
Price includes p&p & VAT. efi .20 each or 2 for 
£20.50 inclusive. 


SERVICE TRADING CO 


57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB 


Mondayrridey ‘Tel: 0181-995 1560 


Ample 


FAX: 0181-995 0549 Parking Space 





COVERT VIDEO CAMERAS 


Black and White Pin Hole Board Cameras 
with Audio. Cameras in P.I.R., Radios, 
Clocks, Briefcases etc. Transmitting 
Cameras with Receiver (Wireless). 
Cameras as above with colour. 
Audio Surveillance Kits and Ready Built 
Units, Bug Detector etc. 


A.L. ELECTRONICS 


Please phone 0181 203 0161 for free catalogue. 
Fax 0181 201 5359 


New DTI approved Video Transmitters and Receivers (Wireless) 





N. R. BARDWELL LTD (EPE) 


100 Signal Diodes 1N4148 ............. £1.00 
7 Rectifier Diodes 1N4001 ........... £1.00 

Rectifier Diodes 1N4007 ........... £1.00 

W01 Bridge Rectifiers ............. £1.00 

BES TINGE GS. oii bien nae east £1.00 

741 OD AMPS sinc ce cece ceeen £1.00 
50 Assorted Zener Diodes 400mW ...... £1.00 
12 Assorted 7-segment Displays ........ £1.00 
25 5mm|.e.d.s, red, green or yellow ..... £1.00 
25 3mml.e.d.s, red, rom or yellow ..... £1.00 
50 ~— Axial |.e.d.s, 2mcd red Diode Package .£1.00 
25 _—— Asstd. High Brightness |.¢.d.s, var cols .£1.00 
20 BC182L Transistors ............... £1.00 
25 BC212L Transistors ............... £1.00 
30 BC237 Transistors ................ £1.00 
20 BC327 Transistors ................ £1.00 
30 BC328 Transistors ................ £1.00 
30 BC547 Transistors ................ £1.00 
30 BC548 Transistors ................ £1.00 
30 BC549 Transistors ................ £1.00 
25 BC557 Transistors ................ £1.00 


30  BC558 Transistors ................ 
30 BC559 Transistors ................ 
20 2N3904 Transistors ............... 
100 nf 50V wkg Axial Capacitors 
100 4N7 50V wkg Axial Capacitors 
12 1uf 250V encapsulated radial plastic 
cased capacitors ................. £1.00 
80 _ Asstd capacitors electrolytic- ........ 
80  Asstd. capacitors InF to iwF ........ 





200 _ Asstd. disc ceramic capacitors ....... ag 
50 = Asstd. Skel Presets (sm, stand, cermet) £1. 
50  Asstd. RF chokes (inductors) ........ £ 
50 Asstd.grommets ...............5. £ 
80 _Asstd. solder tags, p/conns, terminals .£ 
10 = Asstd.crystals—plugin............ £ 
24 ~=—Asstd. coil formers ................ £ 
8 Asstd. dil switches ................ £ 
20 ~_—s Miniature slide switches sp/co ....... 
10 Standard slide switches dp/dt........ 
30 ~=s Asstd. if transformers .............. 
100 Asstd. beads (ceramic, teflon, fish spine) 
80 _ Asstd. small stand offs, Vthroughs etc 
30 ~=— Asstd. dil sockets up to 40 way....... 
10 TV coax plugs, plastic ............. 
20 Small spring loaded terminals ....... 
40 metres very thin connecting wire, red . 
20 lin. glass reed switches ............ 
20 Magnetic ear pips with lead and plug .£1 00 
100 on se = /4W 5% cf resistors range 
to 


cebebpenoeboeazazee 
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E-mail sales@Bardwells.co.uk 
Web site: http://www.bardwells.co.uk 
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Amiga genlock pcb (uncased) for titling videos it has 
a 23pin. D lead to plug into the co bh bin and pcb 
pins for composite video in and out. When no video 
input is connected the normal computer display is 
shown on the composite video out when the video 
input is added the white areas on the screen are 
replaced by la — image. The pcb is powered 
from the comput £19.98 
WATCH SLIDES ¢ ON TV *’Liesgang diatv” automatic 
slide viewer with built in high quality colour tv cam- 
era, composite video output with a BNC plug. In very 
. condition with few signs of use £108.00 
oard cameras all with 512x582 pixels 4.4x3.3mm 
sensor with composite video out. All need to be 
housed in your own enclosure and have fra re 
exposed surface mount parts and require 10 
12V de power supply. 
47MIR size 60x36x27mm with 6 infra red leds (gives 
the same illumination as a small torch would) 
£50.00+vat=£58.75 
MP size 39x38x23mm spy camera with a fixed focus 
pin hole lens for hiding behind a very small hole 
£57+vat=£366.98 
40MC size 39x38x28mm camera for ‘C’ mount lens 
this gives a much clearer picture than with the small 
lenses £68.79 
Standard ‘C’ mount lens F1.6 16mm for 40MC 
£26.43+vat=£31.06 
Waterproof camera with stylish tilt & swivel case. 
£92.76+vat=£109.00 or 10+£89.32+vat=£104.95 
DTA30 Handheld transistor analyser it tells you 
which lead is the base, the collector and emitter and 
if it is NPN or PNP or faulty. HMA20 handheld MOS- 
FET analyser identifies on drain and source and if 
P or N channel DTA30 & HMA20 £38.34 each 
DCAS50 component analyser with Icd readout identi- 
fies transistors, mosfets, diodes & LEDs lead con- 
nections £69.9: 
Speaker cabinets 2- — speaker _ with — tweeters 


250W RMS 175WRMS 100W RMS 
80h 8oh 80h 


m m m 
freq. ra 40hz-20kHz 45hz-20kHz 60hz-20kHz 
sernaiviy( 1W/iM) 97dB 920B 
size in mm 500x720x340 450x640x345 a 
weight 21.1kg 16.8kg 7.4kg 
price each for black 
vinyl coating 39.95 £99.99 £54.94 

rey felt coati £159.97" £119.97** £64.99 

ek ly homely in stock allow 1 week for delivery) 

ifiers 19” rack mount with gain controls 

STAI 50 2x160Wrms (40hm load) 14kg £202.11 
STA300 2x190Wrms (40hm load) 11kg £339.00 
STA900 2x490Wrms (40hm load) 15kg £585.00 
LEDs 3mm or 5mm red or green Yeas yellow 11p each 
Cable ties 1p each £5.95 per 1000 £49.50 per 10,000 
Rechargable Batteries 

AA(HP7) 500mAH . . .£0.99 AA 500mAH with solder tags £1.55 
AA950mAH ....... £1.75 C(HP11) 1.2AH .......... £2.20 
C 2AH with solder tags £3.60 D(HP2) 1.2AH ........... £2.60 
D 4AH with solder tags .£4.95 PP3 8.4V 110mAH........ ree 
Mr Neid aa £1.55 Sub C with solder mn 
AAA (HP 16) 180mAH £1.75 1/3 AA with tags ( niipgCTVNE% 3 
Nickel Metal Hydryde AA cells high capacity with no 
memory. If charged at 100mA and discharged at 250mA or 
less , 300mAH capacity (lower capacity for high er 


: ial offers please check for availability stick of 4 
x16mm Nicad batteries 171mmx16mm dia with red & 
black leads 4.8V £5.95 
5 button cell 6V 280mAh battery with wires ee 
5x250DK 45 
Orbitel battery pack 12V 1.60AH contains 10 Cc 
cells with solder tags (the size most commonly used in 
cordless screwdrivers and drills 22 diax42mm tall) it is 
easy to crack open and was manufactured in 1994 
Sette dawge gamete £8.77 each or £110.50 per box of 14 
BCI box 190x106x50mm with slots to house a pcb the lid 
contains an edge connector (12-way 8mm pitch) and 
screw terminals to connect in wires and 5 slide in cable 
blanks £2.95 
7-segment common anode led display 12mm ... .£0.45 
GaAs FET low leakage current 73 £12.95 each 
£9.95 10+ £7.95 100+ BC547A transistor 20 for £1.00 
SL952 UHF Limiting amplifier LC 16 surface bate 
pee e with datasheet .................... £1 
convertor Reliability model V12P5 12V in 5V 


-200mA out 300V input to peo gk Isolation with data 


£4.95 each or pack of 10 £3 
Airpax A82903-C large oe motor 14V 7.5’ step 
27ohm 68mm dia body 6.3mm shaft 

(ah wea ewsin. tee eaes £8.95 or £200.00 for a box of 30 
Polyester capacitors box type 22.5mm lead posh 0.9uF 
250V dc 18p each, 14p 100+, 9p 1000+, 1uf 250Vdc 20p 
each,15p 100+,10p 1000+ 
Polypropylene 1uf 400V de (Wima MKP10) 27.5mm pitch 
32x29x17mm case 75p each 60p 100+ 
Philips 123 series solid aluminium axial leads 33uF 10V & 
2.2uF 40V 40p each, 25p 100+ 
Solid carbon resistors very low inductance ideal for RF cir- 
cuits 270hm 2W, 68ohm 2W 25p each 15p each 100+, we 
have a range of 0.25W 0.5W 1W and 2W solid carbon 
resistors, please send SAE for list. 
MX180 Digital multimeter 17 ranges 1000V dc 750V ac 
2Mohm 200mA transistor Hfe 9V and 1.5V battery ny ‘ 

9 


Hand held ultrasonic remote control £3.95 
CV2486 gas relay 30x10mm dia with 3 wire terminals will 
also work as a neon light ...20p each or £8.50 per 100 
Varbatim R300NH Streamer tape commonly used on nc 
machines and printing presses etc. it looks like a normal 
cassette with a slot cut out of the top ...... £4.95 each 
£3.75 an 
Heatsink compound tube .................... 
HV3-2405-E5 5-24V 50mA regulator ic 18-264V ac int 
pin DIL package ............ £3.49 each (100+ £2.25) 
All products a vertised are new and unused unless other- 
wise stated. Wide range of CMOS TTL 74HC 74F Linear 
Transistors kits, rechargable batteries, capacitors, tools 
etc always in stock. 
Please add £1.95 towards P&P (orders from the Scottish 
Highlands, Northern Ireland, Isle of Man, Isle of Wight and 
overseas may be subject to higher P&P for heavy 
items).VAT included in all prices. 


JPG ELECTRONICS 
276-278 Chatsworth Road 
Chesterfield S40 2BH 
Access/Visa orders: 

Tel: (01246) 211202 Fax: (01246) 550959 
Callers welcome 9.30 am to 5.30 pm 
Monday to Saturday 





SH ERWOOD ELECTRONICS 


FREE COMPONENTS 


Buy 10 x £1 Special Packs and choose another one FREE 


SP1 15 x 5mm Red LEDs 

SP2 12 x 5mm Green LEDs 

SP3 12 x 5mm Yellow LEDs 

SP6 15 x 3mm Red LEDs 

SP7 12 x 3mm Green LEDs 

SP10 100 x 1N4148 diodes 

SP11 30 x 1N4001 diodes 

SP12 30 x 1N4002 diodes 

SP18 20 x BC182 transistors 

SP20 20 x BC 184 transistors 

SP21 20 x BC212 transistors 

SP23 20 x BC549 transistors 

SP24 4 x CMOS 4001 

SP25 4 x 555 timers 

SP26 4 x 741 Op.Amps 

SP28 4 x CMOS 4011 

SP29 3 x CMOS 4013 

SP31 4 x CMOS 4071 

SP36 25 x 10/25V radial elect. caps. 
SP37 15 x 100/35V radial elect. caps. 
SP39 10 x 470/16V radial elect. caps. 
SP40 15 x BC237 transistors 

SP41 20 x Mixed transistors 

SP42 200 x Mixed 0-25W C.F. resistors 
SP47 5 x Min. PB switches 

SP102 20x 8-pin DIL sockets 

SP103 15x 14-pin DIL sockets 

SP104 15x 16-pin DIL sockets 

SP105 4 x 74LS00 

SP109 15 x BC557 transistors 

SP111 15x Assorted polyester caps 
SP112 4 x CMOS 4093 

SP115 3 x 10mm Red LEDs 

SP116 3 x 10mm Green LEDs 
SP118 2 x CMOS 4047 

SP120 3 x 74LS93 

SP124 20x Assorted ceramic disc caps 
SP130 100 x Mixed 0-5W C.F. resistors 
SP131 2 x TLO71 Op.Amps 


grees PACKS — C.Film 
5 each value — total 365 0-25W £2.80 
10 each value — total 730 0-25W £4.00 
1000 popular values 0-25W £5.80 
5 each value-total 365 0-5W £3.75 
10 each value-total 730 0-5W £6.35 
1000 popular values 0-5W £8.10 


SP133 
SP134 
SP135 
SP136 
SP137 
SP138 
SP140 
SP142 
SP143 


20 x 1N4004 diodes 
15 x 1N4007 diodes 
6 x Min. slide switches 
3 x BFY50 transistors 
4 x W005 1°-5A bridge rectifiers 
20 x 2:2/63V radial elect. caps. 
3 x W04 1:5A bridge rectifiers 
2 x CMOS 4017 
5 Pairs min. crocodile clips 
(Red & Black) 
6 x ZTX300 transistors 
10 x 2N3704 transistors 
5 x Stripboard 9 strips x 
25 holes 
4 x 8mm Red LEDs 
4 x 8mm Green LEDs 
4 x 8mm Yellow LEDs 
15 x BC548 transistors 
3 x Stripboard, 14 strips x 
27 holes 
10 x 2N3904 transistors 
10 x 2N3906 transistors 
2 x LF351 Op.Amps 
6 x BC107 transistors 
6 x BC108 transistors 
20 x 1/63V radial elect. caps. 
10 x 1A 20mm quick blow 
fuses 
20 x 4-7/63V radial elect. caps. 
20 x BC547 transistors 
15 x BC239 transistors 
3 x CMOS 4023 
3 x CMOS 4066 
20 x BC213 transistors 
8 x OA90 diodes 
3 x 10mm Yellow LEDs 
6 x 20 pin DIL sockets 
5 x 24 pin DIL sockets 


SP145 
SP146 
SP147 


SP151 
SP152 
SP153 
SP154 
SP156 


SP160 
SP161 
SP165 
SP167 
SP168 
SP175 
SP177 


SP182 
SP183 
SP187 
SP191 
SP192 
SP193 
SP194 
SP195 
SP197 
SP198 


ph): )}: Bi@r-i¢-] [ole lUl-malelwar- Nec] i t-]¢) (<a a 
inc. P&P or FREE with first order. 
P&P £1.25 per order. NO VAT 
Orders to: 
Sherwood Electronics, 

7 Williamson St., Mansfield, 
Notts. NG19 6TD. 
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Millions of quality components 
at lowest ever prices! 
Plus anything from bankruptcy — theft recovery 
— frustrated orders — over productions etc. 
Send 50p stamped self-addressed label or 


envelope for clearance lists. 
Brian J Reed 
6 Queensmead Avenue, East Ewell, 
Epsom, Surrey KT17 3EQ 
Tel: 07775 945386 
Mall Order UK only. 


Lists are updated and only 40 are sent out every 2 weeks. This 
normally ensures that orders can be fulfilled where only a few 
thousands of an item is available. (Payment is returned if sold out. | do 
not deal in credit notes). This will sometimes entail a delay of up to 
eight weeks — but the prices will be worth the wait! 
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THE RENOWED MXF SERIES OF POWER AMPLIFIERS 
FOUR MODELS:- MXF200 ( 100W + 100W ) MXF400 (200W + 200W) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 

{LL POWER RATINGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 


‘EATURES: * Independent power supplies with two toroidal transformers * Twin L.E.D. Vu Meters 
‘ Level controls * Illuminated on/off switch * Jack/XLR inputs * Speakon outputs * Standard 775mV 
iputs * Open and short circuit proof * Latest Mos-Fets for stress free power delivery into virtually any 
dad * High slew rate * Very low distortion * Aluminium cases * MXF600 & MXF900 fan cooled with D.C. 
dudspeaker and thermal protection. 


JSED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 


MXF200 W19” D111” H3z” (2U) 
SIZES:- MXF400 W19” D112” H52” (3U) 
MXF600 W19” D13” H5%” (3U) 
MXF900 W19” D142” H52” (3U) 


PRICES:- MXF200 £175.00 MXF400 £233.85 


MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL. £12.50 EACH 





BASS X MID XA TOP BASS/MID TOP ASSX_MID/TOP 
CONFIGURED 3 WAY 2 WAY BASS/MID COMBINED 2 WAY MID/TOP COMBINED 
‘-EATURES: 


,dvanced 3-Way Stereo Active Cross-Over (switchable two way), housed in a 19” x 1U case. Each channel 
as three level controls: Bass, Mid & Top. The removable front fascia allows access to the programmable DIL 
witches to adjust the cross-over frequency: Bass-Mid 125/250/500Hz, Mid-Top 1.8/3/5Hz, all at 24dB per 
ctave. The 2/3 way selector switches are also accessed by removing the front fascia. Each stereo channel 
an be configured separately. Bass Invert Switches are incorporated on each channel. Nominal 775mV 
iput/output. Fully compatible with OMP Rack Amplifier and Modules. 


PRICE:- £117.44 + £5.00 P&P 


[he 12 and 16 Channel SPM Series Of Studio Quality Mixers 
Are Ideal For Fixed Installation Stage And Mobile Use. 


- 48v PHANTOM POWER 
: BUILT IN POWER SUPPLY 
: 230V AC/50Hz 

: PEAK INPUT LEVEL LEDS 
: PRE FADE LISTEN (PFL) 

: SUB MASTER OUTPUT 

: COMBINED XLR/ %, JACK 

: 60mm FADERS * CH.MUTE 
: 2 STEREO AUX.SEND/RETURNS 
: CONSTANT PAN CONTROL 

: 3 BAND EQ WITH MID SWEEP 
: HEADPHONE/CONTROL ROOM O/P 
: CD/TAPE INPUTS & OUTPUTS | 
: BALANCED INPUTS & OUTPUTS 

: BUS ASSIGN SWITCH 


‘ MONITOR SEND ices: SPM1202 4MONO MIC/LINE.4STEREO INPUTS £299.00 FREE 
“ SPM1602 8MONO MIC/LINE.4STEREO INPUTS £399.00 UK P&P 













* 4 STEREO INPUT 
CHANNELS 

* 2 DJ MIC INPUT 
CHANNELS 


EQUALISERS 
* HEADPHONE 


* ASSIGNABLE 
CROSSFADE 
* DIGITAL ECHO 


STEREO DISCO MIXER WITH:- *2X7 GRAPHIC EQUALISERS *2 MONO MIC INPUTS *DJ MIC 


WITH FADER, TALKOVER AND VOICE CHANGER *4 STEREO CHANNELS WITH _— INDIVIDUAL 
FADERS AND ASSIGNABLE CROSSFADE *CHANNELS SWITCHABLE, TURNTABLE (MAG 
CARTRIDGE), CD, LINE, TAPE, ETC. *ECHO WITH BALANCE, REPEAT AND DELAY 
* HEADPHONE MONITOR WITH PREFADE LISTEN *CHOICE OF 6 SOUND EFFECTS *STEREO 
MONO SWITCH *2 X LED VU METERS *MASTER FADER *OUTPUT 775mV 


* SIZE:- 482X240X115mm *POWER:- 230V AC 50/60Hz.PRICE:- £169.00 + £5.00 P&P 


CYBERWAVE FMM 1000 --... 
‘ IDEAL FOR:- LIVE BANDS, PUBLIC ADDRESS & KARAOKE ETC. “oe, 
ON/STANDBY/OFF SWITCH MOUNTED ON MIC BARREL FOR EASE OF USE eg 
r 100 HOURS BATTERY RUNNING TIME. 1PP3 (NOT SUPPLIED)@ 
: SINGLE CHANNEL RF MICROPHONE 174.23 OR 174.56MHz 
‘MAINS ADAPTOR FOR RECEIVER SUPPLIED * FM LOCK INDICATOR 
; VOL CONTROL ON RECEIVER. PRICE:- £119.99 FREE UK P&P 








* 2X7 BAND GRAPHIC 


MONITOR WITH PFL 








A new range of quality loudspeakers, designed to take 

advantage of the latest loudspeaker technology and 

enclosure designs. All models utilize high quality studio 
cast aluminium loudspeakers with factory fitted grilles, wide dispersion constant 
directivity horns, extruded aluminium corner protection and steel ball corners, 
complimented with heavy duty black covering. The enclosures are fitted as standard 
with top hats for optional loudspeaker stands. The FC15-300 incorporates a large 
16 X 6 inch horn. All cabinets are fitted with the latest Speakon*connectors 
for your convenience and safety. Five models to choose from 












PLEASE NOTE:- POWER RATINGS 
QUOTED ARE IN WATTS R.M.S. FOR 
EACH INDIVIDUAL CABINET. 
ALL ENCLOSURES ARE 8 OHM. 
15=15 inch speaker =— 
pL 12-12 inch speaker SE 
ibl FC15-300 WATTS Freq Range 35Hz-20KHz, Sens 101dB, Size H695 W502 D4 
; PRICE:- £299.00 per pair 
ibl FC12-300 WATTS Freq Range 45Hz-20KHz, Sens 96aB, Size H600 W405 D300mm 
; PRICE:- £249.00 per pair 
tbl FC12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H600 W405 300mm 
; PRICE:- £199.00 per pair 
ibl FC12-100 WATTS Freq Range 45Hz-20KHz, Sens 100dB, Size H546 W380 D300mm 
; PRICE:- £179.00 per pair 
ibl WM12-200 WATTS Freq Range 40Hz-20KHz, Sens 97dB, Size H418 W600 D385mm 
PRICE:- £125.00 EACH 

SPECIALIST CARRIER DEL:- £12.50 per pair, Wedge Monitor £7.00 each 

Optional Metal Stands PRICE:- £49.00 per pair Delivery:- £6.00 


COLOSSUS POWER 


VERY HIGH POWER LOUDSPEAKERS 

THE COLOSSUS RANGE OF LOUDSPEAKERS 
ARE DESIGNED FOR USE IN SUPERIOR HIGH 
POWER OUTPUT SYSTEMS. ALL MODELS ARE 8 OHM 
COLOSSUS 12MB:-* 12 INCH * 450WATT R.M.S. 
* 900 WATTS PEAK * Sens 98 dB.* Res Freq.55 Hz. 
* Frequency Range 40 Hz-3.5KHzPRICE £129.00 


COLOSSUS 15XB:-* 15 INCH * 600WATTS R.M.S. & : 
* 1200 WATTS PEAK * Sens 99 dB * Res Freq.35 Hz. 
* Frequency Range 30 Hz-1.0KHz PRICE £159.00 


COLOSSUS 18XB:-* 18 INCH * 600WATTS R.M.S. 
* 1200 WATTS PEAK *Sens 100dB.* Res Freq.30 Hz. 
* Frequency Range 27 Hz-1.0Kz PRICE £183.00 
ALL MODELS ARE DELIVERED CARRIAGE FREE(UK ONLY) 


DOA-ZOZ monoms 



















SUPPLIED READY 
BUILT AND TESTED 


These modules now enjoy a world-wide reputation for quality, reliability and performance at a realistic price. Four 
models are available to suit the needs of the professional and hobby marketi.e. Industry, Leisure, Instrumental and 
Hi-Fi etc. When comparing prices, NOTE that all models include toroidal power supply, integralheat sink, glass fibre 
P.C.B. and drive circuits to power a compatible Vu meter. All models are open and short circuit proof. 
THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 
-  OMP/MF 100 Mos-Fet Output power 110 watts 

R.M.S. into 4 ohms, frequency response 1Hz - 100KHz - 
3dB, Damping Factor >300, Slew Rate 45V/uS, T.H.D 
typical 0.002%, Input Sensitivity 500mV, S.N.R. - 
110dB. Size 300 x 123 x 60mm. 

PRICE:- £42.85 + £4.00 P&P 


OMP/MF 200 Mos-Fet Output power 200 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 50V/uS, T.H.D. 
typical 0.001%, Input Sensitivity 500mV, S.N.R. -110dB. 
Size 300 x 155 x 100mm. 


PRICE:- £66.35 + £4.00 P&P 


OMP/MF 300 Mos-Fet Output power 300 watts 
¥ RMS. into 4 ohms, frequency response 1Hz - 100KHz 
« -3dB, Damping Factor >300, Slew Rate 60V/uS, T.H.D. 
© typical 0.001%, Input Sensitivity 500mvV, S.N.R. -110dB. 
Size 330 x 175 x 100mm. 


PRICE:- £83.75 + £5.00 P&P 


OMP/MF 450 Mos-Fet Output power 450 watts 
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz 
-3dB, Damping Factor >300, Slew Rate 75V/uS, 
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R. 
-110dB, Fan Cooled, D.C. Loudspeaker Protection, 2 
Second Anti- Thump Delay. Size 385 x 210 x 105mm. 
PRICE:- £135.85 +£6.00 P&P 


OMP/MF 1000 Mos-Fet Output power 1000 watts 
R.M.S. into 2 ohms, 725 watts R.M.S. into 4 ohms, 
frequency response 1Hz - 100KHz -3dB, Damping 
Factor >300, Slew Rate 75V/uS, T.H.D. typical 
0.002%, Input Sensitivity 500mV, S.N.R. -110dB, Fan 
Cooled, D.C. Loudspeaker Protection, 2 Second 
Anti- Thump Delay. Size 422 x 300 x 125mm. 
PRICE:- £261.00 + £12.00 P&P 


NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS: 
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz. OR 

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS 
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC 





Electronics, Electrical & 
Mathematics Principles V¢ 


If you are looking for an easy and enjoyable way of studying or improving 
your knowledge of electronics and maths then this is the software for you 


[=j Electronics. Electrical and Mathematics Principles V6 
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=. Electronics, Electrical and Mathematics Principles V6 Ind Ea | 
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Topic. 
ar — RC Low Pass Buffer Active Filter. 


OSCILLATORS: Astable Multivibrator. 


“Generators 8 Paretonncre Three shade Syston cre. on _ 

fofe)anle)(cy.c alUiaalol-\gcren AV elcrel aarciac) [aligereleleiiiela) ice) Ons 
Statistics... Single page colour printing... Faster graphics... thet there 1s uriuelhy; 
PLUS: all the Electronics Toolbox routines, along with an Illustrated . | input pecan A 
(@o)pa) ofe}al=ya)tcyaele)isyrog =ce[6]) elant<)a)eB) (eitlelatelaye means the voltage a 
Pw (@) f=) ke) me)\V21mcl0 On aar-lianaatsialencis)(sveitle) alse | positions of 'R1' and 


Please telephone or visit our web site for more information. 


Frequency. 


Capacitance = 100nF Resistance = 100R Cucust ‘= 15 3092 
Inductance = 250mH Resonate Frequency = 1.0065kHz Bandwith @ -3d8 = 63.662H 


EPT Educational eariware Puri Hose Locka ane Witham, Essex. UK. CM8 2BJ. 
Tel/Fax: 01376 514008. sales@eptsoft.demon.co.uk www.eptsoft.demon.co.uk 
“UK and EC countries add £2 per order for post & packing. VAT should be added to the total. 
Outside Europe £3.50 for air mail postage by return. : 
Switch, Delta, Visa and Mastercard orders accepted - please give card number and expiry date. 
Cheques & Postal Orders should be made payable to EPT Educational software. 





